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SPHAERULARIA UNGULACAUDA SP. NOV. (NEMATODA: 
ALLANTONEMATIDAE) FROM THE DOUGLAS FIR BEETLE, 
DENDROCTONUS PSEUDOTSUGAE HOPK., WITH KEY TO 

SPHAERULARIA SPECIES (EMENDED)! 


M. A. KHAN? 


Abstract 


A new species of nematode, Sphaerularia ungulacauda (Allantonematidae), 
is described from the Douglas fir beetle, Dendroctonus pseudotsugae Hopk., 
from British Columbia, Canada. The diagnostic characters of the genus 
Sphaerularia are emended and a key to species is given. 


Introduction 


In 1837, Dufour (3) established the genus Sphaerularia with S. bombi 
from bumblebee queens as the type species. Two species were added to 
this genus recently (6, 7), and in this paper one more is described. All three 
of these recent species were collected from bark beetles of the genus Dend- 
roctonus. 


Allantonematidae Chitwood and Chitwood, 1937 
SPHAERULARIINAE FILIPJEV, 1929 


Sphaerularia ungulacauda sp. nov. (Figs. 1—5) 


Female 

Before eversion of the uterus, length 0.4 mm.; a = 40, b = 6.3, ¢ = 21, 
and V = 91%. After eversion, gravid uterus 0.84 mm. long and 0.24 mm. 
wide. 

Body cylindrical, slightly tapering towards both ends and with well-marked, 
fine annulations in the cervical region. Lips fused and lip region rounded, 
cap-shaped, and set off by a slight constriction. Spear jointed, with small 
basal knobs, and 11-13 uw long. Esophagus consisting of a slender precorpus 
and a slightly enlarged corpus followed by a narrow isthmus leading into a 
well-developed basal bulb without a valve. Nerve ring crossing the base 
of the corpus. Hemizonid present. Excretory pore just behind the hemi- 
zonid. Esophagointestinal valve not seen. Vulva with slightly raised 
border; vagina a short tube with minute convex folds leading into a well- 

1 Manuscript received July 23, 1957. 

Contribution No. 3671, Entomology Division, Science Service, Department of Agriculture, 


Ottawa, Canada. 
2 Nematode Section, Entomology Laboratory, Ottawa. 


Can. J. Zool. 35 (1957) 
[The previous number of Can. J. Zoology (35, 581-633) was issued October 23, 1957.] 
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Fics. 1-5. Sphaerularia ungulacauda sp. nov. 1. Female. 2. Male. 3. Head, female. 
4, Tail. 5. Female with evaginated uterus. 


ABBREVIATIONS: an, anus; br, bursa; e, esophagus; ex p, excretory pore; f, female; 
g, gubernaculum; gr ut, gravid uterus; h, hemizonid; int, intestine; mrv r, nerve ring; 
ov, Ovary; sp, spicule; spr, spermatozoa; sty, stylet; ¢, testis; ut, uterus; v, vulva. 
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developed uterus extending anteriorly. A rudimentary postvulval uterine 
sac present. The uterus packed with spermatozoa, giving it a granular 
appearance. Ovary short, reflexed at the tip. The tail tapering gradually 
to a rounded end about one-fourth as wide as the body width. 

The everted and hypertrophied uterus has widely rounded ends. The 
wrinkled body of the female is attached at one end and there is a minute 
opening at the other. The uterine sac contains convoluted ovarian tubes. 


Male 

Length 0.5 mm.; @ = 36, b = 5, ¢ = 19.6. The body markings and 
general appearance like those of the female before prolapse of the uterus. 
Testis outstretched or reflexed at the tip, about two-thirds as long as the 
entire worm. Spicules wavy; gubernaculum slightly curved when viewed 
from the side. Caudal bursa present and covering the entire tail and anteriorly 
the heads of the spicules. The tail short and tapering to a long, clawlike 
process. 


Larvae 

Only preadult stages were seen in both sexes. The female larva showing 
the outline of the uterus and the positions of the vulva and vagina. Testis 
visible in the male larva, but no evidence of spicules, gubernaculum, or caudal 
bursa. Tail of male larva shorter and thicker than that of the female larva 
and without the claw-shaped terminal process characteristic of the adult male. 


Diagnosis 

The features that differentiate S. ungulacauda from other species of 
Sphaerularia are: (a) the clawlike terminus of the male tail, (0) forward 
extension of the caudal bursa anteriorly, to the level of the heads of the spicules, 
(c) the granular appearance of the long, thin-walled uterus, and (d) the 
knobbed appearance of the head. 


Hosts 
Adults of the Douglas fir beetle, Dendroctonus pseudotsugae Hopk. 


Type locality 
Vernon, British Columbia, Canada. 


Type specimen 
Collection No. 591 of the Canadian National Collection of Nematodes, 
Ottawa, Ontario. 


Bionomics 

The adult females and preadult larvae were seen free inside the abdom- 
inal cavity of the host. The males were not seen inside the beetles, but 
were collected from strips of blotting paper used for packing the beetles 
in transit. As the male larvae seen inside the host were in the preadult 
stage, it seems likely that they leave the host just before molting into adults. 
Adult females were also collected from the packing material and showed 
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sperms in their uteri, which were not everted. Similar females were collected 
from the abdominal cavities of the beetles. These observations suggest 
that mating takes place outside the host body and that the fertilized female 
works its way back into the host for further development. 


Systematics 

Dufour (3) set up the genus Sphaerularia for the nematode S. bombi 
collected from bumblebee queens, Bombus terrestris L. and B. hortorium 
L. Filipjev (4) erected the subfamily Sphaerulariinae for nematodes living 
in the body cavity of insects. Filipjev and Schuurmans Stekhoven, Jr. (5), 
placed in this subfamily 11 genera of nematodes in which parasitic females 
grow into a reproductive sac with a barely distinguishable alimentary system, 
namely, Sphaerularia, Attractonema, Bradynema, Allantonema, Howardula, 
Aphelenchulus, Parasitylenchus, Tylenchinema, Scatonema, Heterotylenchus, 
and Chondronema. Later Chitwood (2), on the basis of prolapse of the 
uterus as a common character, retained only the genera Sphaerularia and 
Tripius in this subfamily and discarded the name Attractonema, a homonym, 
in favor of Tripius (1). 


Genus Sphaerularia Dufour, 1837 

With the addition of three new species to the genus Sphaerularia a revision 
of its description seems necessary, as some characters of the new forms are 
not covered by the previous description. Males in all species except S. bombi 
have a caudal bursa. S. bombi and the other species differ in the size of the 
evaginated uterus. In S. bombi it is 6-10 mm. long compared with 1-2 mm. 
in the other species. It is not proposed at this stage to divide this genus 
into two subgenera or genera, but further study of the group may reveal 
other forms and features so that some change may become desirable. An 
emended description of the genus Sphaerularia and key to the species follows. 

Diagnosis emended. Parasites of insects. Lips amalgamated. Lip region 
flat or slightly rounded and cap-shaped. Cuticle with well-defined annulations 
in the cervical region. Spear knobbed, jointed, and well developed. Only 
anterior part of the spear visible in female with evaginated uterus. Esophageal 
musculature weak, basal bulb slightly overlapping the intestine. Vulva 
posterior, ovary single. Male also parasitic in some species, and with a 
caudal bursa in all species except S. bombi. Spicules and gubernaculum 
present. Testis single and outstretched or reflexed. 


Type species: S. bombt. 


KEY TO SPECIES OF Sphaerularia 


(Males) 
Re ae en a I SS. Sine ccc hee ah oa aonb ie Ga Clad we ahs hos + 
EN IE CON A TI EE NS oo sic oo ones eae 0 Mab EAs Ke Sad swbs NebeRkawa ees 2 
i ne Un RII sno sow ain. s, dia a wl w rie widte wom eg Ree alo ROE Bini k we ee vipa ee 
eT ee ey re ee ee bombi Dufour 
3. Tip of the male tail pointed like a claw.......................- ungulacauda sp. nov. 
4. Tip of the male tail rounded, with subterminal papillae............ .. hastata Khan 


Tip of the male tail rounded, without subterminal papillae........  dendroctoni Massey 
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(Females with and without evaginated uteri) 

1. Evaginated uterus 5-10 mm. long, sausage-shaped, and with wartlike surface elevations. 
Parasitic. 1) DUmbIMUGS GINONE Lic. obi s vk coda io tas Caen oe wears ies bombi Dufour 
Evaginated uterus 0.8-1.6 mm. long, saccate, and without wartlike surface elevations. 
Paruestic: tn) DGGK OCPUNR Ss «osc, 2 a2 oe Oe vic pace ah oe ee aes ene Oe ee Cs 

2. Before evagination, uterus lined with polyhedral cells and without sperms.......... 
Before evagination, uterus not lined with polyhedral cells and full of sperms 
Sgro Srila nul nwa tS asia nel Vers baa tee BS mc ok le tae a ungulacauda sp. nov. 

3. Anterior half of the stylet slender. Parasitic in the Engelmann spruce beetle.......... 
Soca ses& he Sy SD “oa Sacer nia he eosas gag rks lodat oc eI eee lle at shat a are. attra dendroctonit Massey 
Anterior half of the stylet like an inverted ‘V’. Parasitic in Douglas fir and mountain 
PN TCEIEG so is Skee heals Bae. Dea AREA CE ea hastata Khan 


Discussion 


Among the entomogenous nematodes the genus Sphaerularia is noteworthy 
because of peculiar characteristics of the female worm, of which the fertilized 
reproductive organs are completely everted. The gravid uterus expands 
greatly and the rest of the worm shrinks until it appears like a wrinkled 
appendage to the hypertrophied uterus. The nematode, therefore, not only 
draws heavily for nourishment on the host insect but also interferes with 
the growth and functions of the organs in its abdominal cavity. 

The nematodes in the genus Sphaerularia play an important economic role. 
In some areas S. bombi is a menace to the cultivation of red clover and alfalfa. 
Its presence in bumblebee queens retards the growth of their ovaries so that 
they can neither lay eggs nor start new colonies (8). This results in reduced 
populations of bumblebees, which are required for the pollination of these 
important forage crops. However, the observations on the bionomics of 
the other three species suggest that these may be beneficial to mankind 
as they are parasitic on bark beetles, which are serious pests of forests and 
destroy large quantities of lumber every year. Massey (7) observed a sharp 
fall in egg production in the Engelmann spruce beetle infested with S. den- 
droctoni, the female of which closely resembles S. hastata and S. ungulacauda 
in parasitic behavior. 
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LIFE HISTORY, NON-SPECIFICITY, AND REVISION OF 
THE GENUS CHORIOPTES, A PARASITIC MITE 
OF HERBIVORES! 


GorRDON K. SWEATMAN? 


Abstract 


Chorioptic mange mites have been reared in vitro on epidermal debris. The 
life history of the mite has been observed, and each stage in the cycle described. 
Mites from the cow, horse, goat, sheep, and !lama have been shown to be identical 
biologically and morphologically, and the specific names of equi, caprae, and 
ovis have been synonymized with C. bovis. The in vitro life cycle has been 
completed on epidermal debris from a variety of wild Cervidae, Bovidae, and 
Equidae, as well as on material from several breeds of domestic cattle, horses, 
sheep, and goats. From these and other data, three additional species or 
subspecies of Chorioptes were synonymized also with C. bovis. Only one other 
species, namely C. fexanus, remains in the genus. 


Introduction 


Mange on domestic herbivores has been recognized since antiquity. 
Centuries passed, however, before an animalcule was associated with the 
disease, and according to Gerlach (7), it was Kegelaar in 1835 who first 
associated a dermatitis on cattle with what is known now as Chorioptes 
bovis (Héring, 1845) Gervais and Van Beneden, 1859. The mites and the 
disease have been recognized as being seasonal, appearing mainly in winter 
when cattle are indoors, but essentially disappearing in summer when the 
animals are on pasture. Even in winter, chorioptic mange is generally mild 
and restricted to small patches on the hind quarters. It only infrequently 
irritates the cow to an extent that interferes with milk or meat production. 
There is little doubt that the dermatitis is in some way associated with the 
mites, but according to the findings of Sweatman (26), there is no direct 
relationship between the lesions and C. bovis. Sweatman (26) demonstrated 
also that C. bovis has a predilection for the feet of domestic cattle, and that 
a large and general infestation of C. bovis, followed by the manifestation of 
lesions, could be induced by simply stanchioning cattle indoors in summer 
as well as during the previous winter. 

Although chorioptic mange is of importance in world agriculture, not 
much is known about even the structure of C. bovis. In 1857, Gerlach (7) 
stated that C. bovis was morphologically identical (he examined only the adult 
stages) with C. equi from the horse, but maintained that each was host specific. 
C. equi has received a little more attention than C. bovis, but the only 
reasonably adequate description of any species in the genus is that of C. caprae 

1Manuscript received June 28, 1957. 

Contribution from Animal Pathology, Health of Animals Division, Canada Department 


of Agriculture, in co-operation with the Institute of Parasitology, Macdonald College P.O., 


Que., Canada. 
2Animal Pathology, Health of Animals Division, Canada Department of Agriculture, 


Montreal Area Branch Laboratory, Macdonald College. 


Can. J. Zool. 35 (1957) 
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from a goat made by Oudemans in 1926 (19). In the present study, therefore, 
there is included a morphological description of the various stages in the 
life cycle of C. bovis. 

Virtually nothing has been written on the life history of any of the eight 
species or subspecies in the genus. Two main technical obstacles have 
confronted researchers. Firstly, the annual summer reduction in the number 
of mites that made mites essentially unavailable at that season; and secondly, 
the minute size of the mite compared with its host, indicating the need for a 
suitable technique to rear or even maintain one or few mites at a time for 
study. As indicated previously (26), the first obstacle has been overcome by 
simply keeping cattle continuously indoors. This facilitated a build-up of 
the mite population to phenomenal numbers, making mites available at all 
times. The problem of the contrasting size of the parasite and its host was 
conquered by designing a suitable im vitro technique for rearing C. bovis. 
These methods made it possible to study the biology of the organism. The 
technique was used also for other species of Chorioptes, and experimental 
studies are presented on the comparative biology and morphology of the 
different species or subspecies in the genus. 


Materials and Methods 


Animals were examined for natural infestations by scraping epidermic 
debris and hair from a prescribed site on an animal and examining the 
material and its container for mites under a stereoscopic microscope. Mites 
preserved for further study were either fixed in 70% alcohol with added 
glycerine, or were mounted directly in Hoyer’s Medium. Morphological 
studies were carried out under the oil immersion of a Zeiss phase-contrast 
microscope. Measurements were made with an ocular micrometer, and the 
bodies of the mounted specimens, when measured, were slightly enlarged by 
compression of the cover glass. 


In vitro Culture Method 

All previous attempts to rear any of the mange mites off the host have 
failed. In the current study, a technique has been developed for rearing 
reproducing populations of C. bovis for periods of 3 to 8 months, although it 
seemed impossible to maintain them indefinitely. The best source for 
beginning cultures was a foot scraping of a cow, or for that matter, from almost 
any part of an animal with a heavy general infestation. Mites, together 
with epidermic debris and hair in the scraping, were placed in a series of vials 
that, in turn, were maintained in a jar with a capacity of about a gallon 
(Fig. 1). The lid of the jar was large enough to permit freedom of the hand 
and wrist within it. Paraffin in the bottom of the jar was at least a centimeter 
deep, and contained appropriate excavations for holding about 10 vials. 
A solution of sulphuric acid on the paraffin maintained the relative humidity 
at 80% according to the data of Buxton (3). The relative humidity was 
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checked from determination of the specific gravity of the solution, and by use 
of a dew-point apparatus. It was necessary to circumvallate the lip of each 
vial with lead in order to keep the vial upright in the paraffin when the solution 
was present. The solution also served as a moat preventing the exchange 
of mites between vials. Vials were of a height (5 cm.) that permitted them 
to be used directly under a stereoscopic microscope (Spencer). Both paraffin 
and lead were suitable to use with sulphuric acid, since the former, and the 
product of the latter (lead sulphate), are inert. Bolting silk, held in place 
with elastic bands, was used to retain mites within the vials, but even with 
it, it was impossible to prevent loss of some individuals. This problem, 
however, was aided somewhat by the mites themselves. After being in the 
vials 3 or 4 days, many mites displayed a kind of ‘homing instinct” and ap- 
parently became content with their artificial environment. It was then 
possible to remove the bolting silk without fear of losing the mites. The 
jar was sealed with petroleum jelly and placed in an incubator at 35° C. 
This simple technique was suitable for rearing mites through sequential 
generations for some months. By transferring mites to vials with unused 
epidermic debris it was possible to perpetuate them longer. It was possible 
also to start a culture with a single individual, for example a bred ovigerous 
female, and anticipate an increase in the number of individuals in subsequent 
generations. 


Pe OF PETROLEUM 
JELLY 


BOLTING SILK 


LEAD RING @ HOOK 
RUBBER BAND 


SULPHURIC ACID 
SOLUTION 


MITES & SUBSTRATE 
PARAFFIN WAX 





Fic. 1. Jn vitro culture technique. 


The maintenance of the mites under high humidity and temperature 
encouraged the growth of remarkably few fungi, but fungi did sometimes 
occur and not infrequently used dead mites as focal points of growth. Even 
when present, they appeared of little significance in the survival of mites 
in the cultures. 
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I. Morphology and Life History 
A. DESCRIPTION OF STAGES 


Chorioptes bovis is an obligatory, non-burrowing mite that passes all stages 
on the host. Ina single cycle, the mite passes through five stages—the egg, 
larva, protonymph, deutonymph, and adult. These terms will be used for 
the sequential development of the male, but in keeping with the terminology 
used by previous authors the female deutonymph and adult female will be 
called the pubescent female and ovigerous female respectively. 


Larva (Figs. 3-13, 15-16, 18, 22-24) 

(Measurements in microns with the mean in parentheses and the standard 
deviation of individuals (measured 15) in the second set of parentheses. 
The parts referred to in the text are labelled in Fig. 2.) 

An elongate oval mite with distinct shoulders and rather short legs. It 
is soft-bodied. No sexual dimorphism was noted. Translucent white im- 
mediately after hatching, but soon becomes a brownish-gray color. 







PROPODOSOMAL PLATE 
SETAE 

FEMORAL It 

LEG I ANTERIOR 
LEG I POSTERIOR 
LEG IZ TERMINAL 
OPISTHOSOMAL 


SETAE 
LATERAL PROPODOSOMAL 


PROPODOSOMAL PLATE 
LARGE DORSAL ; 
LATERAL METAPODOSOMAL ———~. 





Fic. 2. Structural nomenclature used for chorioptic mites. 


Dorsum 

Length 131-236 (191) (24) and width 82-175 (146) (21). 

Sclerotized propodosomal plate in the general shape of an isosceles triangle, 
but variable in detail (Figs. 4 to 11), with a pair of setae near, or sometimes 
attached to the posterior corners. Plate elevated medially (Fig. 5). 
Remainder of integument finely striated. One pair of quite long dorsal 
setae arise posterolaterally to the plate and measure 87-112 (105) (7). Two 
pairs of dorsolateral setae occur, the propodosomal being 20-38 (34) (3) 
and the metapodosomal 58-81 (71) (9). Also, five other pairs of short 
idiosomal setae are present. These infrequently vary in relative position 
as in Figs. 22 to 24. The pair that is marginal, however, is invariably more 
terminal than the corresponding pair on subsequent stages. 


Weta 
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O ¥ 
Piz 


5. 3. orsoventral view of larva. 
Fic. 3. D tral f 1 


Venter 

Integument finely striated except for a clear, non-sclerotized area around 
the posterior anus. Only four pairs of setae present—one pair of propodosomal 
34-60 (42) (8), two pairs of metapodosomal, and one long pair, 71-118 (101) 
(13), arising terminally from the opisthosoma. 


Legs 

Legs I and II with six articles each, ambulatory, and approximately the 
same length, being 74-101 (88) (10) and 77-101 (87) (10) respectively.* 
Leg III with only four small, weak articles, mainly tactile, and measuring 
37-54 (45) (4).¢ Coxae of all legs specialized as apodemata. Setae of legs 
I and II both long and moderately short, and increase numerically on distal 
articles—absent on trochanters; femurs I and II each with a single seta; 
genu with two setae each; tibiae I and II with one seta and one fairly stiff 
rod (no setal base) each, the latter situated anterodorsally. Tarsus I (Figs. 
15 and 16) with a special pit, possibly a sensory structure, in the proximo- 
dorsal position; seven setae, two of which occur anteriorly and are short and 
inconspicuous; one moderately long rod in the distodorsal position. This 
pattern persists through the male and female protonymphs. Tarsus II 
(Fig. 18) with five long setae and one short one, the latter occurring just 
anterior to a moderately short rod in the proximodorsal position. This 
pattern persists through all female, but none of the male, stages. Tarsi I 
and II with a single claw and an unjointed pedunculated caruncle. Pretarsi 
I and II arise as an anterior ‘‘thumb”’ from the tarsi (Figs. 15 and 18). 


*Measured from the coxa along the anterodorsal border. Does not include caruncle. 
tMeasurement of only the articulating part of the leg along the outer surface. 
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Fics. 4 and 6-11. Variations in shape of the propodosomal plate and positions of the 
propodosomal plate setae. Fic. 5. Cross section of a propodosomal plate. Fig. 12. 
Lateral view of chelicera. Fic. 13. Dorsal view of chelicerae. Fic. 14. Propodosomal 
plate of adult male or ovigerous female. Fic. 15. Lateral view of tarsus I and pretarsus 
I of larva, male protonymph, and female protonymph. Fic. 16. Dorsal view of proximal 
part of tarsusI. Fic. 17. Lateral view of tarsus I and pretarsus I of male deutonymph, 
pubescent female, and adult male. Fic. 18. Lateral view of tarsus II and pretarsus II 
of larva, female protonymph, pubescent female, and ovigerous female. Fic. 19. Lateral 
view of tarsus II and pretarsus II of male protonymph, male deutonymph, and adult male. 
Fic. 20. Lateral view of tibia III, tarsus III, and pretarsus III of adult male. Fic. 21. 
Terminal end of leg IV of adult male. 
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Leg III, the last article of which has three short setae and also two 
extremely long whiplike setae situated distally. Of the two, the posterior is 
longer, 462-654 (558) (64), than the anterior, 200-312 (261) (38). 





Fics. 22-24. Irregular positions of idiosomal setae on larvae. Fic. 25. Striated 
opisthosomal region of dorsum of male protonymph. Fic. 26. Unstriated opisthosomal 
region of dorsum of female protonymph with pair of posterior suckers. Fic. 27. Ventral 
hysterosomal asymmetry on a male deutonymph. Fic. 28. Malformation of 
opisthosomal lobes of an adult male. 

Gnathosoma 

Chelicerae dorsal (Fig. 13) measuring 32-40 (36) long; wide, tapering 
apically; chelate, powerful chewing apparatus (Fig. 12); movable digit 
articulates by its posterior extremity in a cleft of the fixed digit; each possesses 
three hooked teeth on different planes. Pedipalpi located at the lateroventral 


wre 
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surface of gnathosoma. Possess three strong articles which gradually shorten 
and taper distally. Pedipalpi curve medially giving the gnathosoma a blunt 
appearance. They reach to the distal margin of the genu of leg I. Palpal 
base without setae. First palpal article with a single seta while the middle 
and terminal articles have two setae each. One of these, on the anterior 
article, is located terminally and is short and inconspicuous. The hypostome, 
which forms the ventromedial wall of the gnathosoma, has one pair of moder- 
ately long, centrally located setae. The gnathosoma is essentially the same 
in all stages, except for an increase in relative size. 


Male Protonymph (Figs. 29, 12-13, 15-16, 19, 25) 

(Measurements presented as for larva.) 

Idiosoma and gnathosoma essentially the same as in larva, except that 
the protonymph is larger and possesses the fourth pair of legs. The mite is 
soft-bodied, and the color persists as brownish-gray. 


Dorsum 

Length 188-280 (240) (29) and width 140-209 (178) (23). Additional 
sclerotization occurs as a platelet over trochanter I. Length of propodosomal 
plate 55-71 (64) (5) and the accompanying setae 24-40 (33) (5). The long 
dorsal setae measure 110-171 (146) (17), while the lateral propodosomal 
measure 36-56 (42) (6) and the lateral metapodosomal 79-132 (106) (18). 
Six pairs of other idiosomal setae, the additional pair beyond the five pairs 
on the larva being in the medioterminal position. 


Venter 

The four pairs of setae in the larva occur in this stage, together with an 
additional five pairs of short setae in the hysterosomal region. The ventral 
propodosomal measure 37-61 (50) (10). One of the additional pairs of setae 
occurs near coxa IV, one pair is anal, another adanal, and two pairs flank the 
terminal opisthosomal setae. This last pair measures 82-150 (119) (26). 


Legs 

Leg I 90-126 (107) (12) long; leg II 95-128 (110) (12) long; and leg III 
44-61 (52) (5) long. Terminal setae on leg III measure 258-341 (307) (26) 
and 575-678 (637) (41) for the anterior and posterior respectively. These 
legs are structurally identical with the larval legs, with the exception of tarsus 
II which has an additional inconspicuous seta located proximally in the 
laterodorsal position (Fig. 19). This new tarsal pattern persists through 
all male stages. Leg IV measures 21-31 (25) (3).* Composed of four 
articles that decrease in size apically. The final article has two short setae 
and one long terminal seta that measures 180-246 (212) (25). 


Gnathosoma 
Essentially as in the larva, except for increase in size. Chelicerae 47-52 (50) 


*Measurement of the articulating leg along the inner surface. 
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Dorsoventral view of pubescent female. 


32. 


Fic. 


Dorsoventral view of male deutonymph. 


Fic. 31. 
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Dorsoventral view of ovigerous female. 


34, 


Dorsoventral view of adult male. Fic. 


Fic. 33. 
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Female Protonymph (Figs. 30, 26, 12-13, 15-16, 18) 

(Measurements presented as for larva.) 

This stage is much the same morphologically as the male protonymph, 
with the additional feature of a pair of posterodorsal suckers. Tarsus II, 
however, unlike that of the male protonymph, remains identical with tarsus IT 
of the larva. 


Dorsum 

Length 176-285 (214) (30) and width 145-238 (184) (28). Length of pro- 
podosomal plate 57-76 (63) (5) and the accompanying setae 24-35 (30) (4). 
The large propodosomal measure 103-142 (125) (13) while the lateral 
propodosomal measure 36-49 (42) (4) and the lateral metapodosomal 72-97 
(81) (8). The remaining idiosomal setae are identical with those on the male 
protonymph. A pair of suckers occurs at the tip of the opisthosoma sur- 
rounded by a clear unstraited area (Fig. 26) that may be compared with the 
striated area in the same region of the male protonymph (Fig. 25). 


Venter 

Identical with that of the male protonymph. The ventral propodosomal 
setae measure 34-67 (50) (10), and the long opisthosomal setae measure 
74-109 (94) (11). 


Legs 

Leg I 94-111 (104) (5) long; leg II 95-116 (104) (7) long; and leg III 
37-55 (48) (6) long. Terminal setae on leg III measure 253-325 (285) (28) 
and 501-683 (611) (60) for the anterior and posterior respectively. These 
legs are otherwise identical with the larval legs. Leg IV measures 19-34 
(25) (4) long. It is identical with leg IV of the male protonymph. The 
terminal setae measure 140—240 (198) (35). 


Gnathosoma 
As for preceding stages. Chelicerae 47-53 (49). 


Male Deutonymph (Figs. 31, 12-13, 17, 19, 27) 

(Measurements presented as for larva.) 

This stage still displays immature characters, adding only the occasional 
seta and an additional article to leg IV. 


Dorsum 

Except for size differences and the occurrence of a second sclerotized 
platelet over trochanter II, the dorsum is identical with that of the male 
protonymph. Length 230-336 (275) (28) and width 165-250 (203) (28). 
Length of propodosomal plate 58-80 (74) (7) and the accompanying setae 
35-48 (40) (4). These setae in this stage, the pubescent female and both 
adults, are never attached directly to the propodosomal plate, as is sometimes 
true in more immature stages. The dorsal propodosomal setae measure 
153-192 (166) (12), while the lateral propodosomal measure 50-68 (57) (5) 
and the lateral metapodosomal 104-157 (122) (14). 
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Venter 

Five metapodosomal setae on this mite compared with three on the 
protonymph readily distinguish the two stages. Other setae identical for 
both stages except in size. The ventral propodosomal setae measure 48-72 
(62) (8), and the long opisthosomal setae measure 138-198 (164) (18). 

Asymmetry is a not uncommon abnormality among invertebrates. Fig. 
27 shows an example of a male deutonymph where the ventral metapodosomal 
setae varied in relative position on the two sides of the animal. 


Legs 

Legs I and II 101-134 (122) (10) and 100-136 (124) (10) long respectively. 
Trochanters I and II have developed one long seta each. Femur, genu, and 
tibia identical with preceding stages. Tarsus I has an anterior rod (Fig. 17) 
in addition to the structures on the protonymph. Tarsus II, however, 
remains unchanged. Leg III 58-77 (67) (6) long. The proximal article has 
acquired a seta, but the terminal article setae remain unchanged. The long 
terminal setae measure 304-420 (351) (36) and 690-865 (786) (57) for the an- 
terior and posterior respectively. Leg IV measures 30-40 (36) (3). Now 
composed of five articles that decrease in size apically. The fourth article 
has one seta, and the apical article four setae, of which the terminal measures 
293-364 (331) (23). 


Gnathosoma 
As for preceding stages. Chelicerae 52—58 (55). 


Pubescent Female (Figs. 32, 12-13, 17-18, 38) 

(Measurements presented as for larva.) 

General appearance of the female protonymph dorsally and the male 
deutonymph ventrally. 


Dorsum 

Identical with that of the female protonymph. Like this, but unlike the 
male deutonymph, there is no platelet over trochanter II. Length of dorsum 
258-361 (288) (30) and width 180-246 (222) (31). Length of propodosomal 
plate 61-84 (73) (7) and the accompanying setae 27-34 (31) (3). The dorsal 
propodosomal setae measure 130-314 (220) (45), while the lateral propodosomal 
measure 30-45 (38) (5) and the lateral metapodosomal 66-81 (75) (5). 


Venter 
Identical with that of the male deutonymph. The ventral propodosomal 
setae measure 32-61 (46) (10), and the long opisthosomal 106-248 (178) (43). 


Legs 

Four legs much like those of male deutonymph; only exception is tarsus II 
which is identical with that of the female protonymph. Leg I measures 
97-119 (103) (10); leg II 95-115 (101) (6); leg III 36-53 (42) (5); and leg IV 
27-32 (30) (2). The whiplike setae of leg III measure 233-327 (293) (27) 
and 534-669 (593) (53) for the anterior and posterior respectively. The 
terminal seta of leg IV measures 151-195 (175) (15). 
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Gnathosoma 
As for other stages. Chelicerae 47-56 (53). 


Adult Male (Figs. 33, 12-14, 17, 19-21, 28, 38) 

(Measurements presented as for larva.) 

Marked morphological changes exist between the male deutonymph and 
adult. Additional sclerotization occurs on the dorsum, venter, and legs. 


All legs have caruncles. 


Dorsum 
Length 272-325 (294) (16) including opisthosomal lobes. Width 208-238 


(228) (9). The propodosomal plate is often pointed posteriorly (Fig. 14) 
and measures 72-85 (79) (4). Many of the setae that occur on the immature 
stages are present. The two most posterior pair of setae on the deutonymph, 
however, are replaced in the adult by a moderately long pair of opisthosomal 
setae and two opisthosomal lobes which also support setae. The pair of 
setae near the propodosomal plate measures 43-53 (50) (3), and the dorsal 
pair of propodosomal measures 172-217 (194) (16). The lateral propodosomal 
measures 71—87 (80) (5) and the lateral metapodosomal 198-253 (229) (20). 
Additional sclerotization is present in the form of a large septagonal plate 
over much of the hysterosoma, while the platelets over trochanters I and II 
persist as on the deutonymph. A pair of large opisthosomal lobes occurs 
which supports five pairs of setae. Three of these arise from the posteromedial 
corner of the lobe from a common setal base. The middle seta of the three is 
thick basally but gradually tapers distally; the other two are also thick basally, 
and towards the distal end change to a membranous ensiform or lanceolate 
shape. The outer of the three also has a conspicuous hook towards the 
proximal end. Another thick seta arises from a large setal base at the outer 
corner of the lobe. A more typical seta also arises from an anteromedial 
position of the lobe. 

Malformations, like the asymmetry noted previously, sometimes occur 
among lower animals. Fig. 28 shows an anomaly in the opisthosomal lobes 
of an adult male that was apparently in normal attachment with a female. 
The male appeared otherwise normal. One opisthosomal lobe supports only 
a single seta, while the other supports the usual complement of five with the 
addition of two others, each of which arises from a setal base supporting a 
normal seta. All the setae, unlike those on normal mites, taper gradually 
to a point. 

Venter 

Like the dorsum, the hysterosomal region of normal adult males has changed 
markedly between the deutonymph and adult. Just anterior and lateral to 
the anus, a pair of adanal copulatory suckers occurs with an associated pair 
of short setae. In the center of the metapodosomal region the reproductive 
apparatus is now present together with a pair of setae and two pairs of hooks. 
The deutonymphal pair of anal and adanal setae, as well as one pair of meta- 
podosomal setae, do not occur on the adult. The ventral propodosomal setae 
measure 81-103 (88) (7). 
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Legs 

Apodemata heavier and more extensive than on immature stages and coxae 
II and III with some additional sclerotization. Legs I and II 143-162 (157) 
(8) and 145-177 (160) (9) long respectively. Identical with those of the 
deutonymph with the addition of some sclerotization on genu I and tibia I. 
Leg III 150-166 (160) (5) long and now has five articles. The long whiplike 
setae of the deutonymph do not occur, but instead there is a tarsus with three 
setae, a caruncle, a hook with two teeth, and a third ventral hook in the 
same relative position as pretarsi I and II. The tibia supports a rod and seta 
(Fig. 20). Leg IV 61-74 (69) (4) long and now with five articles. The 
long terminal deutonymphal seta is absent, but there is now a tarsus with three 
small distal lobes (Fig. 21), two of which support a minute caruncle each, while 
the third gives rise to a larger caruncle. The latter, however, is only about 
half the size of those on tarsi I, II, and III. The tibia supports a rod and 


two setae. 


Gnathosoma 
As for other stages. Chelicerae 40-58 (53). 


Ovigerous Female (Figs. 34, 12-14, 17-18, 39) 

(Measurements presented as for larva.) 

Morphologically, the ovigerous female does not change so drastically from 
the immature stages as the adult male. The genital suckers do not occur 
dorsally, but the vulva is present ventrally. Leg III, unlike the adult male, 
retains the terminal whiplike setae that occur on immature stages. 


Dorsum 
Much like that of the pubescent female—same setae, but without the 


posterior genital suckers. With sclerotized platelets over trochanter II and 
around the setal base of the dorsal pair of propodosomal setae. Dorsum 
306-415 (358) (30) long and: 229-287 (248) (18) wide. Length of the pro- 
podosomal plate (many are pointed posteriorly as in adult male) 92-107 
(98) (5) and the accompanying setae 37—47 (42) (3). The dorsal propodosomal 
setae measure 185-229 (203) (15), while the lateral propodosomal measure 
43-64 (56) (6) and the lateral metapodosomal 129-158 (140) (8). 


Venter 

Vulva present in central podosomal region; consists of transverse and 
diagonally posterior slits, and hinges posteriorly. Venter with one less 
pair of metapodosomal setae than pubescent female. The ventral pro- 
podosomal setae measure 56-71 (65) (5), and the long opisthosomal 194-257 


(223) (22). 
Legs 
Apodemata heavy and extensive and with some associated sclerotization 
on all legs. Darker color than those of pubescent female. Legs I and II 
138-164 (154) (9) and 125-167 (155) (12) long respectively. Identical with 
those of pubescent female. Leg III 87-106 (100) (6) long and of four articles 
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like the pubescent female, but unlike the adult male. The whiplike setae 
measure 377-542 (449) (45) and 744-886 (835) (37) for the anterior and 
posterior respectively. Leg IV 100-129 (118) (11) long; terminal article 
with a caruncle and also one quite long and three moderately short setae. 


Gnathosoma 
As for other stages. Chelicerae 58-72 (65). 


Egg (Fig. 44) 

(Measurements presented as for larva.) 

The eggs are elliptical and have white, shiny surfaces. Length 139-181 
(164). Shell has two bosses (Fig. 44) on the same side and towards one end 
of the egg which, during embryonation, is the capital end of the egg. 


B. Lire History 


Since chorioptic mites live on the skin, it would be desirable to learn the 
mode and kind of their general nutrition. Fig. 12 shows that these mites 
have chewing chelicerae. Material that they eat is excreted in the form of 
pellets, some of which accumulate about the anus. Food in the digestive 
tract is passed from one active stage to the next via the intermediary 
quiescent stage; and the new stage, when starved, will excrete pellets from 
the former stage. In culture, mites were maintained as successfully on 
epidermal debris and hair kept 4 months before use, and on material sterilized 
by heat, as on freshly obtained material. Therefore, the mites can, and on 
the host probably do, feed on dead tissue. Washed hair from cattle was un- 
suitable, whereas epidermal material and hair obtained from an Indian water 
buffalo, which had hair, resembling wire, that was presumably unpalatable, 
was highly satisfactory. These results showed that it was the epidermic 
debris, and not the hair, on which the mites fed. This verified Fiirstenberg’s 
belief of 1861 that the mites lived on sloughed epidermis, a suggestion found 
unacceptable in 1872 by Mégnin (15), who was responsible for influencing 
some later observers. 

In the life cycle, it is the larval stage that follows the egg, but it will be 
understood that the larva is actually formed before the egg hatches. Larva 
is defined here as that period from the hatching of the egg up to its ecdysis 
into the protonymph. It includes, therefore, the quiescent period immediately 
preceding ecdysis during which internal transformation takes place from the 
larval state per se to the protonymphal state. Terms for the subsequent 
stages will be used for the period from one ecydsis to the next. 

To observe a stage in the life cycle, eggs or quiescent mites were transferred 
directly from the host or from a culture vial to an unused vial. Only one or 
a few eggs or quiescent stages were used at a time. Epidermic debris and 
hair from a positive area on the hind legs of a grade Holstein—Friesian cow 
were then added to the vial, but only after the material had been heated to 
400° F. This killed the mites that were collected with the epidermal material. 
Observations were made on the biology and longevity of the stages that 


emerged. 
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Fic. 35. Width and length of larvae at the time of hatching and at quiescence. 
Each point is an observation, and the vertical line marks the range. The long horizontal 
bar represents the mean and the short horizontal bar represents twice the standard 
deviation of individuals. 

The larva is an active feeding stage. If starved, it will not live more than 
a day. A feeding larva gradually increases in size from the time it hatches 
until it enters quiescence. The actual amount of increase was determined by 
comparing the length and width of recently hatched and unfed larvae with 
the same measurements for quiescent larvae. Both length and width increased 
by approximately a quarter (Fig. 35). Under the 7m vitro conditions of 35° C. 
and 80% R.H., the larva generally remained motile for 3 to 5 days, but some- 
times for as long as 12 days.(Table I) after hatching from the egg. Since 
the eggs took 4 days to incubate, this was 7 to 16 days following oviposition. 
The mite then enters quiescence. Some larvae lived longer than 12 days, 
but these failed to become quiescent and died as larvae. Healthy larvae 
spent 22 to 30 hours in the quiescent state. This wide variation under such 
constant conditions may be related to the time required by the protonymph 
to split the larval integument, rather than on the period required for the 
complete transformation process. Only the occasional quiescent mite failed 
to molt. The new stage is formed during quiescence when histolysis of the 
internal tissues occurs. The tissue within the legs is resorbed into the body 
of the larva, leaving the legs of the latter as hollow exoskeletons. The mite, 
therefore, loses its motility completely. It maintains its position on the host 
or on the glass of the vial, however, by the suction of the caruncles and to a 
lesser extent by the claws on the tarsi which remain with the old exuvium. 
Nevertheless this attachment is not firm. Oftentimes the quiescent mite 
was observed on its back or in other unoriented positions, but this did not 
seem to interfere with the transformation process. Quiescent mites of 
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various stages were frequently clustered together on the underside of a piece 
of scab, or with a group of eggs, or elsewhere. This suggests that some mites 
secure a common, and sometimes protected, location just prior to the trans- 
formation period. It seems likely that at least some immotile mites on cows, 
particularly those without scabby lesions, must be brushed off the host during 
quiescence. 

TABLE I 


LONGEVITY OF IMMATURE STAGES 








Motile period 








—_—— Period of 
Period, No. of No. of male No. of male No.of female attachment 

days larvae protonymphs deutonymphs protonymphs pair 
2 - - - - 2 

3 22 19 24 14 6 

4 32 21 16 11 12 

5 12 8 5 2 10 

6 2 2 2 1 15 

7 1 1 1 ~ 14 

8 1 - - - 9 

9 2 1 = - 
10 4 - - “ - 
11 1 - - “ ~ 
12 1 - Ms < “ 


Immediately preceding ecdysis, it is possible to discern the protonymphal 
characters. Fig. 36 demonstrates this. A space is apparent between the 
larval integument and that of the protonymph. The protonymphal 
gnathosoma and pedipalpi develop immediately behind the larval gnathosoma, 
and like the legs, within the exoskeleton of the larval body. Legs I and II 
are folded posteriorly over the venter of the protonymph, while legs III and 
IV with their long setae project over the venter anteriorly. Molting is a 
relatively simple process. The new stage ruptures the larval integument 
transversely across the mid-dorsal hysterosoma. This is followed by a 
mediodorsal longitudinal rupture extending from the transverse slit forward 
to the propodosomal plate. The integument then rolls laterally in both 
directions along the posterior edge of the propodosomal plate. The new 
stage emerges by backing out of the exuvium between the slits. The complete 
exoskeleton with the setae and propodosomal plate is discarded. The pattern 
is the same for all stages, and the positions of the slits on a more advanced 
stage are shown in Fig. 37. 

Two morphologically distinct protonymphs representing each sex (Figs. 
29 and 30) emerge from the larval stage. Both are aetive feeding stages 
which gradually increased to a maximum size, and most entered quiescence 
after 3 to 5 days. Many protonymphs that lived longer than that period 
died as protonymphs, although a few did enter quiescence and did eventually 
molt (Table I). The protonymphal quiescent period, like that of the larva, 
lasted 22 to 30 hours. The method of emergence of the male deutonymph or 
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the pubescent female was also identical with that of the previous stage. Like 
both preceding stages, the male deutonymph was an active creature and 
generally remained motile for 3 to 5 days, then entered quiescence and molted 
into the adult male in the same manner as the other stages. Upon emergence, 
the adult male moved rapidly through the hair and epidermic debris until 
it found a pubescent female with which it became immediately attached, 
primarily by means of its copulatory anal suckers (Fig. 38). This is the 
attachment pair, or what previous authors referred to as the copulation pair. 
Only a few adult males failed to become attached to pubescent females when 
the latter were available. The attachment period generally persists through 
both the motile and quiescent periods of the pubescent female. Table I 
shows that this might be 2 days, but is generally at least 4 days and frequently 
7 or 8 days. The pubescent female, therefore, generally lives twice as long 
as the other immature stages. During the attachment period, the male drags 
the female wherever it goes. It is rare for the mites to terminate their 
attachment spontaneously either permanently or temporarily. Pairs 
separated mechanically seldom reunited. Normal attachment is so firm that 
it is often continues after one member of the union has died; and the male is 
frequently left, following the female’s molt, pulling an empty exuvium. The 
adult male, which is blind, sometimes attaches itself to various stages including 
the female protonymph (which has posterior attachment suckers), the 
ovigerous female, or even another adult male. Unattached pubescent females 
that either were in the presence of single adult males or were reared separately 
from protonymphs never entered quiescence or made the final molt, but 
persisted in the motile condition frequently for 2 to 3 weeks and on two 
occasions for 30 days. A continuance in the motile state would assure a 
greater chance of attachment. Once in attachment with males and once the 
pubescent females have undergone quiescence, it is then possible to pinch off 
the males without interfering with the final molt of the females. These 
females, however, do not lay eggs. Nor will these females begin laying after 
being exposed in their final stage to adult males. These observations demon- 
strate that the act of copulation, however accomplished, takes place with the 
ovigerous female at a precise moment during the final molt of the female, and 
that the long period of attachment simply makes certain that the male is 
available at the appropriate moment for copulation. It demonstrates also 
that eggs are not laid parthenogenetically. 

Unlike the preceding stages for which the longevity was determined by 
starting with either eggs (for the larva) or quiescent stages (for the nymphs), 
the total period required for the development of adult males, ovigerous 
females, and the laying of the first egg were determined (frequently 
independently) by starting with large numbers (30 to 200) of eggs 0 to 24 
hours old. Ovigerous females were first seen between the wide limits of 16 
to 26 days following oviposition, but most occurred after 19 to 23 days (Table 
II). The females increased in size to a maximum during a preoviposition 
period of 2, but sometimes 3 or 4 days. They then began to lay a series of 
eggs without additional intervention by a male. The first egg to be laid, 





Fic. 38. 
female below. Fic. 39. Photomicrograph of an ovigerous female containing an egg. 


PLATE I 





Photomicrograph of an attachment pair. Adult male above and pubescent 


Sweatman—Can. J. Zool, 





SWEATMAN: CHORIOPTIC MANGE MITES 661 


concomitant with the first appearance of the ovigerous females, varied widely 
between 18 and 28 days after the original oviposition. Table II shows that 
many took 21 to 26 days. This 3-week period was, therefore, that usually 
required for a complete life cycle under the in vitro conditions. 

It will have been noted from Table I that a summation of the minimum 
periods of survival for the larva and two male nymphs plus the incubation 
time of the egg (4 days, but sometimes 3 ) and three quiescent phases (1 day 
each) comes to 15 to 16 days. This was observed to be true in vials started 
with numerous eggs, although most adult males emerged from 17 to 20 days 
after oviposition (Table II). Many pubescent females took 13 to 14 days to 
appear. Since this is at least 1 and generally 2, 3, or more days before adult 
males occurred, and since the latter generally became attached to pubescent 
females immediately after emergence from their previous stage, it is most 
probable that on the host, members composing an attachment pair are from 
eggs laid at different times. 


TABLE II 


PERIOD FOR ADULT MITES AND NEXT GENERATION 





From No. of No. of 
oviposition, adult ovigerous* First 
days males females egg 
15 4 - - 
16 7 4 - 
17 20 6 ~ 
18 19 3 2 
19 13 14 4 
20 16 8 6 
21 9 19 8 
22 6 10 6 
23 2 11 10 
24 ~ 4 10 
25 - 2 7 
26 - 3 15 
27 — - 6 
28 ~ - 2 


* The ovigerous females are not necessarily the same individuals 
that produced the eggs listed in the final column. 


Ovigerous females demonstrated oviposition periods of 3 to 16 days (Table 
III). Each female laid eggs at the rate of about one a day. The occasional 
female laid two eggs, and an odd female three eggs, in a 24-hour period. This 
rapid reproduction, when it occurred at all, was invariably at the beginning of 
the oviposition period. Following oviposition, there was a period of senescence 
that generally lasted 3 days, but ranged from 1 to 5 days (Table III). Non- 
productive adult females outlived their egg-laying counterparts. While the 
latter lived up to 3 weeks, most of the former lived up to a month and few 
as long as 49 and 55 days. The longevity of adult males, whether they had 
been in attachment with females or not, corresponded to that of the non-laying 
females by living up to 49 days. 
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Females lay their eggs singly. The act of laying takes but a minute or 
two. With the egg’s expulsion, there is a simultaneous secretion of a fluid 
that lubricates the egg in its passage, and which also, upon solidification, 
firmly attaches the egg to the substrate by its end or along one edge. On the 
host, the substrate is a flake of skin scurf contiguous with the animal’s body, 
or the outer layer of skin, and in the culture vials it is the surface of the glass. 
One female, though blind, tends to return to a few places to oviposit, although 
no female ever lays all its eggs in only one or even two groups. Table III 
shows that some females, raised individually, used from three to eight sites 
to deposit 3 to 17 eggs with up to five eggs in a group, but many, under these 
isolated conditions, chose a different location for each egg. A few females 
deposit some of their eggs in an apparently haphazard fashion amongst the 
hair and debris in the culture vials. The exact number was determined by 
subtracting the number of eggs attached to the substrate from the total number 
of larvae recovered following incubation. The difference indicated the 
number of eggs laid in the hair, which for each of 10 culture vials, ranged 
between 22% and 36% of the 9 to 11 eggs laid. 

In vials with numerous mites, the presence of eggs from one female attracted 
other females to lay their eggs at the same site, resulting in communal groups. 
Groups of eggs often began at the peripheral margin of the bottom of the 
vials, and spread gradually inwards towards the center, or up the sides of the 
vial. Less frequently, groups of eggs were produced in more central positions 
of the bottom of the vial. When numerous females were present, the number 
of eggs in a group usually ranged from three to four to a few hundred, but one 
group contained 2961 eggs which spread over an area of 3.7 sq. cm. All 
eggs were spread out singly in close proximity over the surface of the substrate 
and were only rarely laid in cumulo. Because of this, each egg was exposed 
to virtually the same microclimate. Hence, following incubation, eggs hatched 
in the same sequence as they had been laid. 

Some observations were possible on the development of the egg during both 
pre- and post-oviposition. Preovipositional development consisted of the 
formation of the yolk mass in the hysterosomal region of the ovigerous female. 
A small mass in irregular outline was first apparent on either the left or right 
side of the mite. This enlarged irregularly (Fig. 40), but eventually acquired 
a regular oval outline (Fig. 41). It may be enclosed by a membrane. With 
further enlargement, the yolk mass assumes an elliptical shape, typical of 
the egg, and is enveloped by a membrane. The shell, however, has not yet 
formed (Fig. 42). When this stage is reached in some, but not all, mites, a 
second yolk mass becomes apparent on the opposite side of the female. The 
latter increases into an irregular yolk mass at about the same time that the 
original egg acquires its shell (Fig. 42). The egg then moves medially to a 
position posterior to the vulva (Figs. 39, 43). From these observations, it 
seems likely that eggs develop in an alternating bilateral fashion. This would 
partly explain why some mites could lay two or even three eggs in a day while 


most laid only a single egg in that period. 
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Fic. 40. Hysterosomal region of an ovigerous female with an egg yolk mass of irregular 
outline. Fic. 41. The same region with an egg yolk mass of an oval shape. Fic. 42. 
The same region with an egg yolk mass of an elliptical shape. Another small egg yolk 
mass appears on the opposite side of the female. Fic. 43. The same region witha shelled 
egg just posterior to the vulva, together with another enlarged egg yolk mass. Fic. 44. 
Egg shell with two bosses. Fic. 45. State of egg at time of laying. Fics. 46-48, 
50-51. Degree of embryonation after about 2, 5, 10, 16, and 48 hours respectively. 
$ = space; m = membrane; y= yolk mass. Fic. 49. Lateral view of Fig. 48. Fic. 52 
Dorsal view of Fig. 51. Fic. 53. Complete development of larva within egg. Fic. 54 
Discarded egg shell. 
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Many eggs, like the one behind the vulva in Fig. 43, had been laid by some 
females (Fig. 45). Postovipositional development was observed in eggs 
collected within 2 to 3 hours following oviposition. The eggs were partially 
cleared and examined in glycerine in a depression slide. Within the first 
2 hours, the yolk mass had partly receded from the capital pole, displaying 
a translucent egg white area (Fig. 46). After about 5 hours, the latter had 
extended to about a quarter of the length of the egg (Fig. 47). The yolk 
mass occupied less than half the posteroventral part of the egg about 10 hours 
after oviposition when there also appeared three indentations in the egg white 
at the capital end (Figs. 48 and 49). The primordial mouth parts are first 
to appear in the form of a pair of anterior projections, still enveloped within 
a membrane (Fig. 50). This occurs after approximately 16 hours. After 
about 48 hours, legs I and II appear as partially differentiated projections 
(Fig. 51) arising from distinct shoulders (Fig. 52), and are directed posteriorly 
over the venter. (Leg III may be present and concealed by the yolk mass.) 
Near the end of the incubation period, all the yolk mass is apparently 
absorbed, and complete differentiation of the larva has occurred within the 
egg. A space occurs between the larval integument and the egg-shell. The 
larval gnathosoma and pedipalpi are pointed anteroventrally, and the legs, 
like those within quiescent mites, lie over the venter of the larva with the 
anterior legs directed posteriorly and the hind legs are directed anteriorly 
with their setae extending to the tip of the gnathosoma. Because of their 
length, the setae must then turn posteriorly, but this could not be traced 
(Fig. 53). Each larva emerged through a cleavage of the shell that encircled 
the egg along its longitudinal axis. Both bosses on the egg shell were on the 
same side of the cleavage (Fig. 54). Sometimes the two halves of the egg 
remained unseparated at the posterior end or along the edge attached to the 
substrate, but this did not interfere with the emergence of the larva. 

Under the in vitro conditions, the postoviposition period required before 
the eggs hatched varied from 72 to 107 hours, but most eggs took 90 to 95 
hours (4 days) to hatch (Table IV). Larvae emerged anterior end first. 
Only three eggs among thousands failed to hatch. Two of these did not differ- 
entiate, while the third contained a complete larva that failed to split the shell. 
Why some eggs took longer to hatch than most may not be related to the 
degree of embryonation but to the time required to split the shell. This, in 
turn, would probably depend in part on the degree of attachment of the egg 


TABLE IV 


HATCHING TIME OF EGGS AFTER OVIPOSITION 


Time, No. of Time, No. of 
hours eggs hours eggs 
72-77 6 90-95 102 
78-83 8 96-101 46 
84-89 10 102-107 4 





666 CANADIAN JOURNAL OF ZOOLOGY. VOL. 35, 1957 


with the substrate. At the other extreme, the fact that some eggs took only 
3 days to hatch might be explained by previous prolonged retainment within 
the female. A few of the eggs examined in glycerine immediately after they 
had been laid had developed to the extent that some of the yolk mass had 
receded posteriorly. An abnormal situation occurred where a freshly killed 
ovigerous female contained an egg that had fully embryonated. If this egg 
had been laid, it would have been only a matter of a few hours before it would 
have hatched. (The end of this egg that pointed towards the vulva was the 
posterior end of the mite, but it is unknown whether all eggs are laid in that 
direction.) Much of the variation in the postovipositional time of hatching, 
therefore, may be attributable to preovipositional retainment. This would 
also explain some of the variation in the 2 to 4 days required for preoviposi- 
tional periods (Table III). 

Leg structure appears to be closely related to the reproductive activities 
of the mite. The ratio of the length of the mite to its width varies from 1.16 
for the female protonymph to 1.44 for the ovigerous female. The value 
for the male deutonymph is 1.36 and for the four remaining stages remains a 
constant 1.30. Because of this fairly consistent relationship between length 
and width, one of these—length—was used as the abscissa in Fig. 55, and 
against it were plotted the length of the various legs in each stage. For the 
male stages, leg I shows an expected increase in length with an increase in 


FEMALE LEG I or 
FEMALE LEG IT 
FEMALE LEG IZ 


MALE LEG I or Z 
MALE LEG IZ 
MALE LEG I 


LENGTH LEG, MICRONS 





1I5O. 175 200 9225 250 275 300 325 350 375 


LENGTH DORSUM, MICRONS 


Fic. 55. Comparative increase in leg length from one stage to the next. From left 
to right, the first series of vertical points represent the larva; the second the female 
protonymph; the third the male protonymph; the fourth the male deutonymph; the 
fifth the pubescent female; the sixth the adult male; and the seventh the ovigerous female. 





pi on. 








—_—S 


 7PWwWwe ay Ss 





SWEATMAN: CHORIOPTIC MANGE MITES 667 


body size. The length of leg I of the female stages, however, increases from 
the larva to the female protonymph, but maintains the same size in the 
pubescent female stage, even though the body has increased in size by a little 
less than a third. This loss is regained by the ovigerous female where leg I 
is of a comparatively ‘‘normal’’ length. Results for leg. II are virtually the 
same as for leg I. Leg III of the female stages shows the same graphic pattern 
as legs I and II. It seems possible that the comparative decrease in the 
length of the three anterior legs in the pubescent female reflects their limited 
usefulness, since most pubescent females spend this entire phase being dragged 
around by the adult males. Leg III of the adult male also shows a relation to 
what has happened in the pubescent female stage. It has an additional 
article and obviously greater strength than that of the preceding male stages, 
and has replaced the two whiplike terminal setae with a caruncle and hooks 
(Fig. 20). In general, the leg has transformed from one that is essentially 
sensory to one that is mainly ambulatory. It is the third leg that would 
support much of the weight of the attached female. Concomitant changes 
take place in leg IV. On all four of the first and second male and female 
nymphs, this leg is short, weak, and perhaps a little more sensory than 
ambulatory. Leg IV of the adult male increases considerably in length 
beyond that on immature stages, and is equipped with three caruncles. It 
seems, therefore, to be suited mainly for traction. The importance of this in 
support of, and making proper attachment with, the pubescent female is 
obvious. In the ovigerous female (where leg III persists essentially as a 
sensory structure) leg IV appears to support most of the weight. Such would 
be most important to a female in the process of egg-laying. 

The foregoing observations on the life cycle have demonstrated that the 
structure and activities of each of the seven active stages are similar to one 
another, and that the wide variations in their longevity suggest that a constant 
temperature and humidity, as influential as they probably are, may be less 
significant than some unknown factors. Feeding may have an appreciable 
effect on the survival of each stage. This will become apparent in the 
following sections of this communication. 

The physical environment on the hide of a cow or other ungulate may vary 
at different sites and between wide limits. Such would influence the period 
necessary for completion of a mite’s life cycle. Direct measurements were 
made of one physical factor—temperature. By means of a calibrated contact 
pyrometer,* skin temperatures were taken on members of a Holstein—Friesian 
herd in winter when the animals were maintained in a warm, well-ventilated 
barn. The temperature of most body areas, including the feet where most 
mites generally occur, varied irregularly between 31° and 35°C. The tem- 
perature of the side of the udder, where there is considerable blood supply, 
was somewhat higher (36° to 37° C.), and the crotch between the udder and 
thigh of a high production animal was generally 37° to 38°C. The pasterns 
of a Jersey cow in another barn, however, had a temperature of only 30° C. 


*Manufactured by Light Laboratories, Brighton, Sussex, England. Ser. No. 163. 
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This probably reflected the colder floor temperature and smaller leg and foot 
size of this breed. Hosts of other species of Chorioptes were examined. The 
body temperature of goats, the host of C. caprae, varied between 33° and 38° C., 
while the feet—where most mites were found—of members of the herd in 
question were so cold that no temperature would record on the pyrometer, 
which registers a minimum temperature of 25°C. Two Belgian horses, 
naturally infested with C. equi, had pastern temperatures of 35° to 36°C. The 
environment of a chorioptic mite varies, therefore, with the environment of 
the barn or stable, the locus of the mite on the host, and, when infesting the 
leg of the host, on the mass and probable blood supply of that extremity. 
Additionally, eggs laid im vitro within a period of 24 hours were placed in 
an isolation unit attached to the back (33° to 34° C.) of a grade Holstein cow. 
The eggs were separated by bolting silk from the cow’s hide, but were exposed 
to virtually the same physical environment as eggs in a normal habitat. 
These took 5 to 6 days to hatch, whereas eggs under i vitro conditions generally 
took 4 days. It seems likely from the above observations that the period 
required for a life cycle on the host varies greatly with the conditions, and 
that it is generally somewhat longer than that observed under the in vitro 
conditions. 


i Non-Specificity and Revision of the Genus Chorioptes 


During the past 100 years, eight species or subspecies of Chorioptes have 
been described from almost as many hosts. Most were on farm stock, but 
some were from animals in zoological gardens. In the present study, a wide 
variety of mammalian species and breeds were examined for chorioptic mites. 
Five host species were found. Studies followed on the im vitro culture of the 
mites from the different hosts, a morphological comparison of the mites, and 
on the validity of the species in the genus Chorioptes. Before describing the 
experimental results, it is imperative to clarify exactly what has been written 
by others on natural infestations on all hosts, and the criteria used by them 
for the creation of the different species in the genus. 


Natural Infestations on All Hosts 

Natural infestations on all hosts that have been noted throughout the world 
are summarized, irrespective of the specific names applied by the author, 
together with those infestations observed in the present study to ascertain 
any detectable difference in mite behavior on different hosts, as well as com- 
parative data on the incidence of infestation. The literature survey showed 
that published reports for the most part referred to mites only because the 
observer was confronted with a dermatitis that required an etiological explana- 
tion. Observations on mites in the absence of a pathological condition have 
been scant indeed. 


(a) Domestic Cattle and Horses 

A review of the papers in various agricultural and veterinary bulletins 
suggests that chorioptic mites have a cosmopolitan distribution on cattle 
and horses. It is recognized generally that the dermatitis sometimes 
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associated with the mites usually remains localized and appears for the most 
part in winter. Rose (25), however, stated that the condition was more 
apparent on horses in summer in the warm, moist atmosphere of New South 
Wales. Horse breeds of purebred stock found naturally infested in the 
present study were the Clydesdale, Belgian, and Percheron, with some 
members of the first two breeds displaying typical lesions on the posterior 
pasterns, sometimes referred to colloquially as ‘‘Clyde itch”’ or ‘‘foot mange’’. 
For cattle, observations made monthly for a year on a herd of one breed 
(Holstein—Friesian) were noted previously (26). Various other positive 
cattle breeds (Ayrshire, Shorthorn, Dual-purpose Shorthorn, Hereford, 
Aberdeen Angus, Scotch Highland) were examined in which few of the 
infested individuals displayed mild skin eruptions. 


(b) Domestic Sheep and Goats 


Reports of infested sheep and goats have appeared less frequently than 
those of cattle and horses. In Germany in the last century, Ziirn (28) 
observed a Negretti ram with chorioptic mange on the legs and scrotum. 
More recently, McKenna and Pulsford (13) listed only two reports of chorioptic 
mites on sheep in Australia, one of which included lesions on the scrota of 
Corriedale rams. Foot and scrotal mange associated with chorioptic mites 
on Corriedale and other sheep breeds may be more prevalent in New Zealand 
than in Australia (8, 17). Interestingly, both breeds mentioned above 
(Negretti, Corriedale) were bred from a merino foundation. In 1909, Cave 
(4) summarized four reports of infested flocks in England, one associated with 
foot-rot, and another in Kent (Romney Marsh) lambs with lameness. In the 
present study, 8 of 38 Suffolk sheep in two flocks were found with mites, but 
not mange, in Quebec: and chorioptic mange occurred on the muzzle and lower 
legs of some members of one flock of grade sheep in Nova Scotia.* Reports 
of chorioptic mites on goats are about as sparse as those on sheep. In 1854, 
Delafond and Bourguignon (5) found chorioptic mange on a number of Angora 
goats in the Jardin des Plantes de Paris, and in 1889, Mollereau (16) reported 
chorioptic mange on common goats in rural France. Kemper et al. (12) 
observed chorioptic mange on about five per cent of more than 2000 Angora 
goats in three herds in the western United States. The lesions on the animals 
sometimes extended beyond the legs to include the abdomen and thorax. 
Hirst (11) reported the condition from Texas; Gerlach (7) noted it from Ger- 
many; and Oudemans (19) recorded it on the legs and muzzle of a goat in 
Sumatra. Four goat herds from Quebec were examined in the current study. 
None had lesions, but chorioptic mites occurred on the feet of individuals in 
three of the herds. One herd, examined more carefully than the others, had 
six of its 13 animals positive, and three kids born subsequently became in- 
fested within a month of birth. From the results of this study it seems 
possible that chorioptic mites may be more prevalent on goats than is generally 
maintained, and that mange is an infrequent complication. 


*Kindly submitted by J. F. Frank, Animal Pathology Division, Canada Department of 
Agriculture, Eastern Section Branch Laboratory, Mount Allison University. 
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(c) Other Hosts* 

Chorioptic mites have occurred on mammals other than farm stock. 
Gerlach (7) stated that Gurlt figured a symbiotic (chorioptic) mite from an 
elephant, but that no details were available. In 1874, Ziirn (29) may have 
observed chorioptic mites in the ears of arabbit. These reports are discussed 
later in this communication. Railliet and Mouquet (24) reported chorioptic 
mange on the legs, abdomen, and thorax of one of four Barbary sheep 
(Ammotragus lervia) in the London Zoological Gardens. In the same gardens, 
Hirst (10) noted this malady on the feet of a guanaco (Lama huanacus). 
In the present study, mites—not associated with mange—were collected 
from both hind and forefeet of two yearling llamas (Lama huanacus glama) 
in the Société Zoologique de Granby (Québec). The observations summarized 
above indicate that the important sites of infestation of chorioptic mites 
on both farm and zoo animals are the feet and lower hind legs with some 
involvement elsewhere. The mites, therefore, display no apparent be- 
havioristic differences on different hosts. 


Present Taxonomic Status 

Confusion in the literature regarding the scientific names of chorioptic 
mites persisted until, and sometimes after, the work of Vitzthum in 1943 
(27). Vitzthum’s comprehensive volume was remarkably complete, but he 
overlooked recognized species of Chorioptes. He also, as well as previous 
authors (23, 18), erred in some authority citations that were augmented or 
perpetuated by Radford (22), Baker and Wharton (1), and Sweatman (26). 
This has necessitated a summary and re-examination of the genus before 
suggesting its revision. 

The chorioptic mite from the cow was first described by Héring in 1845 (9) 
and named Sarcoptes bovis. It had been observed 10 years earlier on that 
host by Kegelaar (in Ref. 7), but he did not describe it. Gerlach coined 
Symbiotes in 1857 (7) for the genus of these mites on cattle (S. bovis) and horses 
(S. equi), and referred a mite from an elephant figured by Gurlt to the same 
genus (S. elephi). In 1857-58, Delafond and Bourguignon (5) gave the name 
Sarcoptes caprae to what we now recognize as a chorioptic mite from goats. 
Realizing that this mite had features of both Sarcoptes and Dermatodectes 
(Psoroptes), these same authors renamed it Sarco-Dermatodectes in 1862 (6). 
In 1859, however, Gervais and Van Beneden had already adopted Chorioptes 
for this same mite of Delafond and Bourguignon, removing it from Sarcoptes 
in which it had been placed incorrectly, and also rejecting Gerlach’s Symbiotes 
asa homonym. The generic name with priority is therefore Chorioptes, and 
the type species is C. caprae. At the time of Gervais and Van Beneden, four 
species were referable to the genus—C. caprae, C. bovis, C. equi, and C. elphi. 
New hosts have been observed subsequently. Morphological differences 

*According to Brumpt (2), chorioptic mites were observed by Ziirn on the head of a man 
with alopecia; and Moniez observed them in the nose of another person. These were 


probably incidental parasites. The present writer has had chorioptic mites crawling repeatedly 
on his hands and arms for over 2 years with no suggestion of sensitization. 
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between the mites from the different hosts were absent or slight. Chorioptes, 
however, like Sarcoptes, Psoroptes, Otodectes, and Demodex, was thought to 
be host specific and different physiologically. Therefore, convention 
dictated adoption of a new specific (or sometimes subspecific) name for the 
mite as it occurred on each host. There was one exception; that was 
Hirst’s (10) collection of chorioptic mites from the guanaco. He refrained 
from creating a new species, or even attempting to refer the mites to a 
recognized species. Two years later, however, Hirst (11) described a 
second caprine species of Chorioptes taken on a domestic goat in Texas. A 
summary of the species of Chorioptes, with their synonyms, is shown below: 


Chorioptes Gervais and Van Beneden, 1859 
Type: Sarcoptes caprae Delafond and Bourguignon, 1857-58. 
Synonyms: Symbiotes Gerlach, 1857; Dermatophagus Fiirstenburg, 
1861; Sarco-Dermatodectes Delafond and Bourguignon, 1862; 
Dermatophagus symbiotes Verheyen, 1862; Chorioptes sym- 
biotes Railliet, 1893; Symbiotes communis Cave, 1905; 
Chorioptes bovis Railliet and Mouquet, 1919; Chorioptes 
communis McKenna and Pulsford, 1947. 
Domestic goat.—Chorioptes caprae (Delafond and Bourguignon, 1857-58) 
Gervais and Van Beneden, 1859. 
Synonyms: Sarcoptes caprae Delafond and Bourguignon, 1857-58; 
Chorioptes symbiotes var. caprae Railliet, 1893; Chorioptes 
bovis var. caprae Neveu-Lemaire, 1938. 
Domestic goat.—Chorioptes texanus Hirst, 1924. 
Domestic cow.—Chorioptes bovis (Héring, 1845) Gervais and Van Beneden, 
1859. 
Synonyms: Sarcoptes bovis Héring, 1845; Symbiotes bovis Gerlach, 
1857; Dermatophagus symbiotes var. bovis Verheyen, 1862; 
Chorioptes symbiotes var. bovis Railliet, 1893; Chorioptes 
bovis var. bovis Neveu-Lemaire, 1938. 
Horse.—Chorioptes equi (Gerlach, 1857) Gervais and Van Beneden, 
1859. 
Synonyms: Symbiotes equi Gerlach, 1857; Symbiotes spathiferus Mégnin, 
1872; Chorioptes symbiotes var. equi Railliet, 1893; Chor- 
toptes bovis var. equi Neveu-Lemaire, 1938. 
Domestic sheep.—Chorioptes ovis (Ziirn, 1874) Baker and Wharton, 1952. 
Synonyms: Dermatophagus ovis Ziirn, 1874; Chorioptes symbiotes var. 
ovis Railliet, 1893; Symbiotes communis var. ovis Cave, 
1909; Chorioptes bovis var. ovis Neveu-Lemaire, 1938; 
Chorioptes communis var. ovis McKenna and Pulsford, 1947. 
Elephant.—Symbiotes elephi Gerlach, 1857. 
Barbary sheep.—Chorioptes bovis var. ammotragi Railliet and Mouquet, 1919. 
Domestic rabbit.—Chorioptes symbiotes var. cuniculi Railliet, 1893. 
Synonyms: Chorioptes bovis var. cuniculi Neveu-Lemaire, 1938; Chor- 
toptes cuniculi Vitzthum, 1943. 
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Comparative Biology and Morphology 

Since it was convention, rather than experimental evidence, that persuaded 
most observers to name each chorioptic mite differently as it was discovered 
on a new host, it was essential in the current study to ascertain the validity 
of the accepted species and their host specificity. This problem has been 
approached using six different methods, each summarized below under its 
own subheading. Mites for the experiments were from five hosts—cow, 
horse, goat, sheep, and Ilama—and, for the first four, presumably represented 
the species of Chorioptes (C. bovis, C. equi, C. caprae, and C. ovis) associated 
with that host. The hosts were from Quebec, but came from widely separated 


premises, 


1. Life History and In vitro Survival 

It has been shown already that the feet and lower hind legs are the important 
sites of infestation on all hosts. The life cycle with seven motile stages and 
the habits of the mites from each of five hosts have been observed in vitro to 
be identical for each. The period required for completion of the cycle was 
also similar, and varied within the range (18 to 28 days) established previously 
for C. bovis from cattle. Not only was it possible to culture the mites on 
epidermic debris from their own host, but also on material from the feet of 
each of the other four hosts. Table V shows that all cycles in repeated trials 
were completed in the standard period, and there was no apparent loss of 
vigor or any indication of sterility in the second and third generations. These 
observations proved that epidermal material from each host contained the 
necessary nutrients for culturing mites taken from each of the other hosts. 


2. Cross-breeding 

The ultimate criterion of a species is usually its reproductive isolation from 
other species. Hence, experiments were conducted to permit cross-breeding 
of mites from the different hosts. The viability of any progeny would indicate 
success since it was demonstrated in the life history that eggs are not laid 


TABLE V 


PERIOD (IN DAYS) FOR LIFE CYCLE ON EPIDERMIC DEBRIS FROM EACH OF FIVE HOSTS 


Debris source 











Egg source Cow Horse* Goat Sheept Llama 
Cow 21-25 19-25 22-27 25-27 
Horse* 18-26 18-23 25-27 26 
Goat 18-21 23 26 27 
Sheept 19 21 20 26 
Llama 21 23 19 26 


* Clydesdale or Belgian. 


t Suffolk. 
t Suffolk, Leicester, North Country Cheviot, or Hampshire Down. 
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parthenogenetically. About a dozen motile pubescent females or quiescent 
female protonymphs from one host were placed in a vial with adult males 
from a different host. In all instances, the epidermal material in the vial 
was from either cattle or horses, and had been sterilized previously by heat to 
kill any mites or eggs that might have been present. Males and females 
from each of the five hosts (18 of a possible 20 combinations used) did copulate 
and the females laid eggs which in turn produced fertile progeny and eggs in 
the second generation. Mites from the five sources, therefore, were compatible 
reproductively. 


3. Comparative Survival on Foreign Epidermal Material 

The hosts found naturally infested with chorioptic mites are from three 
families of hoofed mammals—Bovidae, Equidae, and Camelidae. If the mites 
from the different hosts are truly different, then it is conceivable that mites 
from one member of a family might respond differently on epidermal material 
from another member of that same family than would mites from members 
of each of the other two families. To determine this, eggs from the cattle, 
horse, and llama cultures were transferred to vials containing epidermic debris 
from other members of their families. Table VI shows that the results were 
similar on three species of oxen, two equids, and three camelids regardless of 
the original host of the mites. This emphasizes further the similarity of the 
mites from the different hosts. 


4. Comparative Survival within the Family Bovidae 

The next approach to the problem of host specificity was similar to the last 
one. It was to use epidermic debris from antelopes, since these in the family 
Bovidae link the oxen on the one hand to the sheep and goats on the other. 


TABLE VI 


COMPARATIVE SURVIVAL OF MITES ON EPIDERMIC DEBRIS 
FROM CLOSE RELATIVES 








Egg source 
Debris source Cow Horse Llama 
Zebu i € Cc 
Indian water buffalo ie Cc Cc 
American bison P P P 
Grant’s zebra . eC Cc 
Donkey No. 1 c c € 
Donkey No. 2 P F P 
Arabian camel D D D 
Bactrian camel D D D 
Guanaco D D D 


C: Life cycle completed in the usual 3-week period. 
P: Prolongation of early developmental stages with only the 
occasional, if any, mite reaching maturity. 
Death from apparent starvation in the larval stage following 
the hatching of the eggs. 
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Eggs from cow cultures as well as the goat or sheep cultures were placed in 
_ vials with epidermal material from the eland (Taurotragus oryx), Bohor 
reedbuck (Cervicapra bohor), and white-bearded gnu (Connochaetes albojubatus). 
The results were similar regardless of the source. The life cycle was completed 
on material from the eland, but reached only the nymphal stages on material 
from the two other antelopes. No differences, therefore, were detected bet- 
ween the mites from cattle and those from goats or sheep. 


5. Induced Natural Transmission 


The preceding laboratory studies indicated the non-specificity of chorioptic 
mites, but this required confirmation by transmission of the mites from one 
host species to another. Four individual experiments were conducted. Two 
uninfested goats were placed with a heifer having a general infestation; one 
calf, raised on milk from a pail and never in association with its dam or other 
cattle, was maintained with a positive goat herd; and a similar calf was 
corraled with three positive Suffolk sheep. Two protonymphal mites were 
located on the muzzle of one of the two goats with the positive heifer 1 week 
following their first association. This goat had a habit of rubbing its head 
against the heifer, suggesting that the mites were transferred by direct bodily 
contact. Within 3 weeks of the initiation of the experiments, both goats and 
the two calves had reproducing mite populations on at least two of their feet. 
This proves that the mites are capable of transfer between, and reproduction 
on, different host species of hoofed mammals. 


6. Morphological Comparisons 

Regardless of the preceding data, it is theoretically possible that more than 
one species was involved in the experiments, both or all of which showed non- 
specificity and which might interbreed and produce fertile progeny under 
unnatural conditions as do black and mallard ducks or the gayal and zebu. 
It is possible also that the mites might be genetically the same, but respond 
differently in different environments (hosts), thus displaying ecophenotypic 
variation. It was necessary therefore to make morphological comparisons 
of the mites on the same and different hosts, as well as with descriptions of 
previous workers. A summary of the latter will be used to introduce this 
section. In 1857, Gerlach (7) made rather imperfect drawings of the adult 
chorioptic mites, declaring the mite on the horse and that on the cow to be 
host specific and therefore distinct (C. egui and C. bovis), although morpholo- 
gically indistinguishable. In 1872, Mégnin (14) redescribed the mite from the 
horse, and made more detailed drawings than Gerlach of the adult mites. 
Additionally, he pointed out some discrepancies between Gerlach’s figures 
and what he saw. Mégnin also recognized the presence of some immature 
stages, although only a meager attempt was made to describe them. On the 
differences noted on the adult mites, Mégnin created a new species, (C.) 
spathiferus, but stated that he would not be surprised if it were really the same 
as C. equi. Five years later (15) he reduced the original C. equi to a synonym 
with his new name. With this arrangement, he was willing, apparently, to 
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overlook the slight morphological differences he had noted originally, About 
50 years later, Oudemans (19) recognized the inadequacies in the original 
drawings of C. caprae by Delafond and Bourguignon (5), so he redescribed this 
species from material sent him from a goat in Sumatra. Oudemans described 
and figured both the immature and adult stages. He then noted the differences 
between his specimens and the drawings and notes on C. equi by Mégnin (14). 
In 1947, Palimpsestov (20) recognized the presence of the immature and 
quiescent stages of C. equi from horses in Russia. The number of stages 
seen by him for C. equi were the same as those noted by Oudemans for C. caprae. 
All previous authors had relied on the drawings of their predecessors for 
purposes of comparison, rather than examining actual specimens. They 
were obliged, therefore, to accept any descriptive differences as specific 
differences. The present writer was unable to obtain the actual specimens 
used by others, and, in lieu of this, collected chorioptic mites from as many 
hosts as possible and accepted each as being representative of the species 
generally attributed to that host. Suffice to say that all morphological char- 
acters, including the positions of the setae, etc., were identical on each of the 
seven motile stages from each of five hosts (cow, horse, goat, sheep, and llama). 
A series of critical measurements were also made to ascertain the presence or 
absence of any ecophenotypic variation. These included a comparison of 
measurements on 10 to 15 individuals from each host of the length and width 
of the dorsum, length of the propodosomal plate, each leg, caruncles I or II, 
and seven setae (lateral propodosomal, large dorsal, propodosomal plate, 
lateral metapodosomal, opisthosomal, ventral propodosomal, and femoral 
II). Any measurements given by previous authors were compared also. 
These data have been deposited in the library of the Institute of Parasitology, 
Macdonald College. They show that variations occur for the same structure 
on different individuals from each host, but all fall within the same approximate 
range. No differences were therefore apparent. 

A comparison will now be made with some of the figures and comments 
of previous authors. The setae on the opisthosomal lobes of the adult male 
on C. equi are from independent setal bases in the drawings of Gerlach (7). 
Mégnin (14) first showed the correct groupings of the setae in common bases 
as shown here in Fig. 33. Oudemans (19) also showed this arrangement for 
C.caprae. Oudemans pointed out differences in the shape of the propodosomal 
plate of Mégnin’s drawing of C. equi and his own C. caprae. These differences 
are, however, referable to individual variation as shown here in Figs. 4 to 11. 
As Oudemans stated, the long dorsal propodosomal setae as drawn by Mégnin 
appear directly behind the short setae near the posterior corners of the 
propodosomal plate, whereas on Oudeman’s specimens they were posterolateral 
to the plate. The actual positions of setae in general vary considerably, and 
it is not impossible that Mégnin actually saw what he drew, although neither 
Oudemans nor the present writer have seen the pattern Mégnin described. 
Oudemans indicated that the sides of the vulva in C. caprae are straight, and 
not in the artistic shape of an inverted lyre as shown for C. equi by Mégnin. 
The present author agrees with Oudemans. Mégnin shows the three pairs 
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of setae at the posterior end of the vulva all lateral to the opening of the 
vulva. Oudemans, for C. caprae, and the present writer for all species, show 
only two pairs of the setae lateral to the slit of the vulva, and the third pair 
medial to the vulva opening. On the same ovigerous female, Oudemans shows 
two pairs of anal setae. The present writer has found one pair of these to be 
adanal rather than anal, and this is frequently displaced some distance 
laterally. Judging from his drawings, Oudemans overlooked setae on the 
dorsum on all stages. He shows, for example, eight pairs of idiosomal setae 
on the pubescent female, whereas the present writer has 10 pairs; the male 
deutonymph of Oudemans has four pairs of ventral metapodosomal setae, 
but this author has five pairs. A number of other examples are possible, 
but seem unnecessary. 

Ziirn (28), when he described C. ovis from a sheep, simply stated that it 
resembled exactly the chorioptic mite from the horse, except for a possible 
difference in size. The size differences he observed fall within the range of 
measurements noted in this study for a number of individuals. The above 
data suggest that during the past 100 years there has been a gradual increase 
in the detail on the drawings of the mites concomitant with improved micro- 
scopic equipment. The present writer is of the opinion, therefore, that 
differences between drawings of the mites of the various authors are not real. 

In summary, there are no morphological differences between the four 
species of Chorioptes from domestic hosts (C. bovis, C. equi, C. caprae, and 
C. ovis), as well as those mites from a llama. This fact, together with their 
identical life cycles, capacity to interbreed and transmit to at least some 
other hosts, and their im vitro survival on epidermal material from each other 
and some foreign material, demonstrates to this writer that perpetuation of 
the four species is untenable. It is believed that only one of the above 
species exists, which infests each of the hosts, and the name with priority is 
C. bovis. The four remaining specific or subspecific names in the genus will 
be discussed following the next section of this report. 


III. Mite Survival on Epidermic Debris from Various Animals 


The synonymy of chorioptic mites that occur naturally on a variety of 
domestic hosts suggested that some measure be made of their degree of 
potential ubiquitousness. The experiment was conducted by obtaining hair 
with epidermic debris from various ungulates within the familes Camelidae, 
Bovidae, and Equidae, in which natural hosts occur, together with epidermal 
material from members of the related family Cervidae. 

Approximately 200 eggs were collected from the cattle culture vials and 
placed in an unused vial with epidermal material from the mammal to be 
tested. Determination was made of the time required for the development 
of the various stages in the life cycle of the mite. The vials were examined 
every second or third day. Table VII summarizes the results. Observations 
were generally made in duplicate, but results that were virtually the same 
(as they often were) are not repeated in the table. Members of Bovidae are 
arranged in the table according to the recent classification of Pilgrim (21). 
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The pronghorn is now included in this family rather than in Antilocapridae, 
and the saiga is in the goat and sheep subfamily (Caprinae) rather than with 
the ‘‘antelopes’’. It will be noted also that the musk ox is in a subfamily more 
closely related to the sheep and goats than to the oxen. Hair was obtained 
from at least one representative in 10 of the 12 subfamilies within Bovidae, 
as well as from three species of Camelidae, six of Cervidae, and three species 
of Equidae, one of which has two subspecies. 

The results show that C. bovis can survive in vitro to at least some extent on 
epidermal material from many ungulates. The life cycle was completed in 
the usual 3-week period on hair from some, but not all, individuals of reindeer, 
wapiti, and white-tailed deer in Cervidae; on debris from three species of 
antelopes (impala, nyala, and eland); on material from the Indian water 
buffalo and zebu among the oxen; as well as on epidermic debris from the 
donkey and Grant’s zebra. Mites on most material tested, however, showed 
prolongation of the early developmental stages and premature death. Pro- 
longation was sometimes marked. Compare the standard survival period 
of 3 to 5 days for larvae on Holstein—Friesian material with the persistance 
of some larvae up to 31 days on material from one white-tailed deer, or up 
to 32 days on debris from a moose (Table VII). Sometimes nymphal 
prolongation was marked also on material from some members of the two 
species above (from 20 to 48 days on white-tailed deer and from 11 to 50 
days on moose), as well as on one nyala (5 to 43 days), a harnessed antelope 
(9 to 44 days), and a Chapman’s zebra (10 to 37 days). As perhaps already 
implied, results varied between wide limits on material from different 
individuals of the same species. Hair was from diverse, and sometimes 
unknown, body areas, but the significance of this, or the age of the mammal, 
on the survival of the mites is unknown. The complete life cycle observed 
on material from one wapiti was in contrast with results on material from 
another where no survival whatever could be induced. Material from one 
bighorn sheep, a European mouflon, and a yak supported larvae for a prolonged 
period, while fairly rapid larval death occurred on material from another 
individual of each species. Early larval death was observed also on 
material from one of two fallow deer, one of two moose, one Markhor goat, 
one musk ox, one gaur, and one wisent. Like larvae on material from the 
European bison, some died rapidly on epidermal material from one American 
bison, but some mites developed right up to attachment pairs on debris from 
another. These data suggest the presence of marked differences between in- 
dividuals in their capacity to support C. bovis, with little precise reference to 
the actual species tested. The experiment also indicates no trend concordant 
with the phylogenetic relation between the possible hosts. It seems possible, 
too that sylvatic infestations may occur, although natural infestations have 
been observed only on animals in captivity. 

The individual variation noted for wild ungulates may be more consistent 
within a species or perhaps a breed of domestic stock. It is also true that 
an unsusceptible breed would not require treatment in a farm eradication 
program. To determine the susceptibility of various farm animals, hair with 
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epidermic debris was collected from 45 breeds of cattle, goats, sheep, and horses 
of purebred, registered stock. Table VIII shows that the life cycle was 
completed in vitro in the usual 3-week period on epidermal material from 
12 of 14 cattle breeds, but showed developmental prolongation or early death 
on material from members of the two remaining breeds. Results also showed 
individual variation within a breed among Jersey, Guernsey, and Brown 
Swiss cattle, and such might have been more general on other breeds if larger 
numbers of individuals had been sampled. No relation existed between mite 
survival and breeding of the animal mainly for milk or meat production. A 
fair abstraction would be that most cattle breeds, but not all individuals 
within those breeds, appear to be susceptible to C. bovis. 

Fewer life cycles were completed on debris from breeds of goats, sheep, and 
horses (Table VIII) than on material from cattle. The observations on 
material from sheep make it convenient to divide the breeds of sheep into 
three groups: 

(a) ‘‘Bare-legged”’ breeds—those with hair, rather than wool, on the lower 
legs and head. Principally, these are the mutton breeds. 

(6) Breeds with hair confined to the feet, having wool on the body and legs 
above the pastern. Heads only partly covered by wool. 

(c) Breeds essentially covered with wool. 

The experiments were purposely biased in favor of the first group, and to a 
lesser extent the second, because of preliminary in vitro success on hair from 
the feet of Suffolk sheep compared with utter failure on wool from their 
bodies. Mites in the wool adhered to the globules of lanolin, preventing much 
of their motility and apparently causing their death by gradual starvation. 
Similar results occurred on material from the feet of the Shropshire and South- 
down (Table VIII) in group (c). This was not true, however, on material 
from the Rambouillet, where prolongation of the nymphal stages occurred, 
nor does it have an absolute relation with natural infestations, some of which 
have occurred on the scrota (where there is generally much lanolin) of 
Negretti and Corriedale rams (see Natural Infestations). The explanation 
may lie in an increased tackiness of the lanolin under in vitro conditions at 
35° C., a temperature that is probably a little higher than that in the wool 
on the host. 

Complete development occurred im vitro on epidermal material from the 
feet of an individual in each breed of Suffolk, Leicester, South Country 
Cheviot, and Lincoln, but premature death occurred on material from other 
individuals from the first three of these breeds. The complete cycle occurred 
on material from only one individual (a Hampshire Down) in group (6), 
and failed to produce mature mites on material from four other individuals 
among the three breeds in this group. These data suggest considerable 
variation in susceptibility between individuals irrespective of breed insofar 
as groups (a) and (6) are concerned, and together with what is known on 
natural infestations, indicate that sheep are less suitable hosts for C. bovis 
than domestic cattle. 
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Material from 15 horse breeds was tested (Table VIII). C. bovis 
completed its cycle on only four of these, two of which were draft breeds 
(Clydesdale and Belgian). The third breed, a French Coach, is rare in 
Canada, and mites on material from the fourth breed (Arabian) showed pro- 
longed development on three individuals but completed the cycle on one of 
these even though it took 31 days. 

Taken as a whole, the different breeds of cattle appear to be more suitable 
for the survival of C. bovis than the breeds of sheep and horses. Too few 
goats of purebred stock were available to justify a generalization regarding 
them, but the scant results listed in Table VIII and the fact that the life 
cycle was completed on material from all six individuals tested that were of 
mixed breeding, together with the natural infestations, suggest that goats 
may be more suitable hosts than sheep or horses. It seems likely from the 
results on material from both wild and domestic ungulates that the domestic 
cow is the most natural host species, and is probably the host primarily 
responsible for the current cosmopolitan distribution of the parasite. 

Some survival of C. bovis has occurred on epidermal material from a few 
unrelated animals. Prolongation of the larval and nymphal stages (up to 
18 days) occurred on epidermic debris from three guinea pigs. On material 
from a fourth, one ovigerous female developed, lived 6 days and produced 
two eggs, completing the life cycle in 32 days. Observations on material 
from domestic rabbits are included elsewhere in this report. No growth 
occurred on epidermic debris from man, swine, dog, cat, little brown bat 
(Myotis lucifugus), bumblebee (Bombus sp.), or housefly (Musca domestica). 
Nor did mites survive on debris from the bodies of domestic chickens, but 
larvae lived for prolonged periods up to 19 days on material from the shank 
of three breeds (barred Plymouth Rock, Rhode Island Red, buff Orpington) 
as well as for periods up to 17 days on similar material from a black duck 
(Anas rubripes), ruffed grouse (Bonasa umbellus), and domestic turkey. On 
the last host, the larvae transformed into protonymphs that lived up to 15 
days. Clearly some of the nutritional requirements of C. bovis appear to 
occur on various animals. 

Most of the foregoing experiments were carried out in vitro. It is desirable 
therefore to estimate the relation between the in vitro culture method with 
possible or real natural infestations. For cattle there was a direct relation. 
Mites were readily cultured at 35°C. and 80% R.H. on epidermic debris 
and hair from various cattle breeds with natural infestations. This was also 
true for goats of mixed breeding, and for Clydesdale and Belgian horses. 
However, a Percheron horse was found with a few mites in all stages of 
development on its pasterns, but epidermal material from the same sites 
would not support survival in vitro beyond that of nymphs (Table VIII). 
Prolongation of the larval and nymphal stages was observed in this instance. 
Similar prolongation and premature death occurred in vitro on epidermal 
material from six of eight Suffolk sheep, although each was infested naturally. 
The life cycle was completed in vitro on material from the two other Suffolk 
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sheep. These results suggest that the im vitro culture method is probably not 
perfectly suitable for the mites. This is also borne out since the mites, 
although they can be maintained for many months by this method, could not, 
it would seem, be perpetuated im vitro indefinitely. These results in turn 
suggest that the in vitro prolongation that was observed on material from 
some of the cervids, bovids, and equids could possibly reflect potential 
natural infestations in nature in addition to those individuals which provided 
epidermal material suitable for completion of the mite’s life cycle. The 
prolongation itself on epidermal material from different sources in a constant 
environment suggests that feeding, or some factor related thereto, influences 
the period required for completion of a stage in the life cycle of the mite. It 
would seem that much of the variation even on epidermal material from the 
domestic cow is attributable to differences in feeding. 

Because of the suitability of epidermic debris from a variety of mammals 
in different families and even orders for the im vitro rearing of C. bovis, it is 
impossible to conjecture on a possible geological age of the parasite from its 
hostal relations. No sylvatic infestations of C. bovis have been observed, 
but as more mammals become domesticated and important agriculturally, 
chorioptic mites may acquire veterinary significance on additional ungulates. 
The experimental results suggest that potential animals in this category are 
the reindeer in Lapland and the northwestern parts of North America, deer 
in British Columbia and elsewhere, llamas in South America, zebus and Indian 
water buffaloes in Asia, and the eland in Africa. The geographical location 
of the hosts, or their habits may, however, influence the size of a potential 
mite population. 

It is now necessary to return to the taxonomic problem that underlies this 
communication. Since variation in susceptibility is referable to the individual 
rather than the species of ungulate, it seems to the present writer that it 
would be more realistic to régard the im vitro early death of C. bovis on 
material from a Barbary sheep (Table VII), in contrast with the natural 
infestation observed on another individual of this species and named C. bovis 
ammotragi by Railliet and Mouquet (24), as an example of individual 
differences in susceptibility rather than maintaining that the mite is a 
distinct parasite. The same argument is applicable to the im vitro results on 
material from a guanaco (Table VI) and the natural infestation observed 
on this host by Hirst (10). Two other reports require special comment. 
Apparently Gurlt (in Ref. 7) observed a chorioptic mite from an elephant, 
although no details were recorded. Elephants become infested with the 
burrowing sarcoptic mite, but it is difficult to imagine how an elephant’s hide 
would be suitable for maintaining a surface-feeding mite. Adult elephants 
are, of course, virtually hairless. An immature Indian elephant (Elephas 
maximus) with some hair was scraped in the present study for the purpose 
of collecting hair and debris for attempts to rear chorioptic mites in vitro. 
No scurf, however, could be collected, making it impossible to conduct the 
experiment. 
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In 1874, Ziirn (29) found canker mites in a rabbit’s ear of which he said 
“. . ich nun nicht als Dermatophagen (Chorioptes) ansprechen konnte, 
sondern die zur Gattung Dermatokoptes (Psoroptes) gehérten ...’’. Since 
this was in an addendum to a paper, the author may have written it in haste 
and in so doing inadvertently interchanged Dermatophagus (Chorioptes) 
and Dermatokoptes (Psoroptes) when attempting to report dermatophagic 
(chorioptic) mites for the first time from the rabbit. Ziirn did not give a 
specific name to the new mite, although Railliet (23) and other subsequent 
authors gave him credit for naming it cuniculi. The matter is confused 
further, since Ziirn went on to state that the new mite was not essentially 
different from Dermatokoptes communis (Psoroptes communis), the common 
ear mite of rabbits. Additional error is possible since the ear canker mite of 
carnivores (dog, cat, fox, and ferret), which we know now as Otodectes 
cynotis, was at the time of Ziirn considered to be a dermatophagic (chorioptic) 
mite. Therefore, it is at least possible that Ziirn, according to the current 
classification, had observed otodectic and not chorioptic mites. Experimental 
evidence in the present study shed no light on a possible truism. Otodectic 
mites from the ear of a dog were maintained in vitro with only moderate success 
using the same method employed for Chorioptes, except that the hair and 
debris were from the inner ear surface of the infested dog. Eggs from this 
culture were placed with hair and debris taken from inside the pinnae of four 
rabbits, but the larvae that emerged died from apparent starvation within 
5 days. On the other hand, some chorioptic mites from the cow completed 
their life cycle im vitro in 27 days on rabbit ear debris—but only on the 21st 
trial, the other trials having shown prolonged development of the larval and 
nymphal stages (up to 30 days)—and died before reaching maturity. On 
the basis of the original report and experimental data, it seems possible that 
Ziirn did observe chorioptic mites in the ear of a rabbit, but it might be best 
to hold this record—as well as Gurlt’s report of chorioptic mites on an 
elephant—in abeyance until additional observations are made from these hosts. 

This author is of the opinion that the chorioptic mites reported by others 
from the guanaco, Barbary sheep, and possibly the rabbit and elephant, 
and, with one exception, given a distinct name, are really C. bovis. Another 
species, C. texanus, described by Hirst (11) from a domestic goat in Texas 
is maintained as being valid. Hirst’s description was sufficiently short for 
the significant section in it to be repeated here in toto. He wrote: ‘‘male 
with the flattened blade-like hairs on the abdominal (opisthosomal) lobes 
very much narrower than in (Chorioptes bovis). Outermost hair on each lobe 
also very different, being quite short and fine, whereas in (C. bovis) this hair 
is very long and thickened basally.’’ Dr. G. Owen Evans of the British 
Museum (Natural History) kindly confirmed this description from a single 
mite in the museum’s collection. This is the only specimen known to exist. 
Hirst, however, examined ‘‘a few specimens of both sexes . . .”, ruling out 
the possibility of an anomaly, a phenomenon which does sometimes occur 
in this genus (Fig. 28). Measurements were given as 260 uw long (with the 
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gnathosoma) and 185 w wide for the adult male. The ovigerous female 
measured 298 yw by 205 uw, and was presumably morphologically identical with 
that of C. bovis. Clearly two species of Chorioptes are being recognized 
at present—C. bovis (Héring, 1845) Gervais and Van Beneden, 1859* and 
C. texanus Hirst, 1924. 


Summary 


Chorioptic mange mites have been reared in vitro through sequential 
generations for some months on epidermic debris from cattle under conditions 
of complete darkness at 35° C. and 80% R.H. A single cycle of the mite con- 
sists of an egg, larva, protonymph, deutonymph, and adult. (The last two 
stages in the female cycle are called the pubescent female and ovigerous 
female respectively.) Each stage is described. Each stage other than the 
egg and larva shows sexual dimorphism. Under the in vitro conditions, all 
but one of the stages usually persists from 3 to 5 days. The pubescent 
female, however, generally persists for 7 or 8 days. All motile stages feed 
actively. There is an obligatory quiescence between each motile stage which 
lasts about 1 day. The complete life cycle encompasses about 3 weeks, and 
the longevity of egg-laying ovigerous females may also be as long as 3 weeks. 
Non-laying females and adult males live up to 7 or 8 weeks. 

The pubescent female is generally attached with the adult male by 
copulatory anal suckers during both the active and quiescent phases of the 
pubescent female stage (up to 8 days). Copulation, however, does not 
occur during this long period of attachment, but takes place between the 
adult male and the ovigerous female at a precise moment during the final 
molt of the female. Eggs are not laid parthenogenetically. Bred ovigerous 
females, under the in vitro conditions, lay their eggs singly at the rate of about 
one a day for periods of 3 to 16 days. Females frequently return to common 
sites to oviposit. The period of embryonation after the egg is laid is 
usually 4 days. The oviposition period is followed by a period of senescence 
that lasts from 1 to 5 days. 

Chorioptic mites from five hosts (cow, horse, goat, sheep, and llama), 
the first four representing four species of Chorioptes (C. bovis, C. equi, C. caprae, 
and C. ovis), were shown (1) to survive in vitro on each others’ epidermic 
debris and complete the life cycle in the standard 3-week period; (2) to 
cross-breed and produce fertile progeny in the second generation; (3) to 
display similar survival periods on foreign epidermal material (three species 
of oxen, two equids, and three camelids); (4) to display almost identical 
results on epidermal material from some antelopes, which, in the family 
Bovidae, link the oxen on the one hand to the sheep and goats on the other; (5) 
to transmit from one host species to another; and (6) to display no morpho- 
logical differences. Because of these data, the four species above are declared 
synonymous. The name with priority is C. bovis. 


*Specimens from the present study have been deposited in the British Museum of Natural 
History where there is also the holotype (?) of C. texanus. 
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Chorioptic mites are potentially ubiquitous. The life cycle was completed 
in vitro on epidermal material from some, but not all, individuals of reindeer, 
wapiti, and white-tailed deer in Cervidae; impala, nyala, and eland among 
the antelopes; Indian water buffalo and zebu among the oxen; and the donkey 
and Grant’s zebra in Equidae. Prolongation of the early developmental 
stages with premature death also occurred in vitro on epidermic debris from 
a wide variety of wild ungulates. Survival appeared to be related to the 
individual rather than the species. From these and other data, three of the 
four remaining species or subspecies of Chorioptes were also synonymized 
with C. bovis. This leaves in the genus C. bovis (Héring, 1845) Gervais and 
Van Beneden, 1859 and C. texanus Hirst, 1924. 

The susceptibility of different breeds of domestic stock was tested. The 
life cycle was completed in vitro on epidermal material from 12 of 14 cattle 
breeds, 2 of 3 goat breeds, 3 of 15 horse breeds, and 5 of 13 sheep breeds. 
Domestic cattle appear to be the important host species, and probably have 
been most significant in the cosmopolitan distribution of the parasite. 
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EFFECTS OF DIETARY PHOSPHOLIPID AND CHOLESTEROL 
ON THE TEMPERATURE RESISTANCE OF GOLDFISH'? 


D. G. IRVINE, KATHERINE NEWMAN, AND W. S. Hoar 


Abstract 


The temperature resistance of goldfish is increased by additions of cholesterol 
or phospholipid to basic diets of pablum or pablum and pilchard oil. The 
relative effectiveness of these treatments varies with the season and with the 
duration of the feeding experiment. In low-temperature resistance tests, the 
cholesterol effect was most marked during the earlier period of chilling and 
the suggestion is that cholesterol increases the capacity of fish to resist cold 

narcosis—not death. In heat resistance tests, the phospholipid-fed fish showed 
a tendency toward heat narcosis which was not evident with cholesterol-fed 
animals. Increased temperature resistance was closely correlated with increased 
tissue cholesterol but only weakly correlated with the less modified tissue 
phospholipid. Although these diets also produced definite changes in total lipid 
content, moisture content, unsaturation of total lipids, and the cholesterol/ 
phospholipid ratio, no ev ident correlation between these factors and temperature 
resistance of the goldfish was found. Data are discussed in relation to several 
theories of temperature death. 


Introduction 


It has been known for many years that acclimatization to cold frequently 
increases the unsaturation of the tissue lipids whereas acclimatization to 
heat causes the lipids to become less unsaturated and hence more solid (4, 13). 
Diet-evoked changes in unsaturation of total body lipids of goldfish, however, 
brought about neither consistently increased cold resistance with increased 
unsaturation nor regularly enhanced heat resistance with increased saturation 
(8, 10). Although dietary lipids had a marked effect on thermal resistance, 
there was no close correlation between total lipid unsaturation and resistance 
to sudden changes in temperature. 

Several workers have studied changes in tissue cholesterol and phospholipid 
of animals acclimatized to. different temperatures (11, 12, 15, 16). 
Acclimatization of goldfish to low temperatures in this laboratory 
decreased the tissue phospholipids but had no significant effect on tissue 
cholesterol (9). In other words, there was a marked rise in the ratio of 
tissue cholesterol to phospholipid (C/P ratio) with acclimatization to low 
temperatures. When, however, in preliminary experiments, an attempt 
was made to correlate diet-induced changes in thermal resistance with the 
C/P ratio the most cold-resistant fish had the lowest values. Thus, among 
the acclimatization groups, fish with the highest C/P ratio and the lowest 
tissue phospholipids were most resistant to cold but among the diet groups 
the most resistant fish had the lowest C/P ratio and the highest phospholipid 

‘Manuscript received May 13, 1957. 

Contribution from the Department of Zoology, The University of British Columbia, 
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values. Clearly the matter required further examination. The present 
paper is an attempt to evaluate the effects of dietary phospholipid and 
cholesterol on both the heat and cold resistance of goldfish. 


Materials and Methods 


Goldfish (Carassius auratus) were obtained in lots of from 200 to 500 per 
shipment from the Goldfish Supply Co., Stouffville, Ontario. They were 
maintained in the laboratory at approximately 20° C. and fed on standard 
diets supplemented with different lipids. Details for the care of the fish 
and for the preparation of diets have been given elsewhere (6, 10). Pertinent 
data as to number of animals, size, sex, and time of study are given in Table I. 


TABLE I 
FISH USED IN TEMPERATURE RESISTANCE EXPERIMENTS 




















Mean Females 
Shipment Days of Date of No. of weight, per 
no. Diets feeding Test test fish g. 1 male 
I A,B,C,D 40 Cold Nov. 24/52 40 
42 Cold Nov. 26/52 40 
44 Heat Nov. 28/52 46 
II P,E,F "45 Cold June 19/53 51 8.8 
25 Cold June 22/53 51 9.2 
65 Cold July 9/53 40 9.9 0.80 
46 Cold July 12/53 51 9.2 0.60 
III ABCD .*.- 24 Cold Aug. 14/53 69 9.9 0.81 
38 Cold Aug. 29/53 72 10.9 0.91 
IV P,E,F 7 Cold Nov. 4/53 51 12:3 1.23 
14 Cold .Nov. 11/53 50 12.1 1:27 
21 Cold Nov. 18/53 51 14.1 0.47 
V P,E,F, 25 Heat June 10/55 90 12:2 1.07 
41 Heat June 26/55 68 7 1.06 
VI P,E,F 7 Heat Aug. 8/55 60 9.6 0.84 
14 Heat Aug. 15/55 60 9.4 1.04 
28 Heat Aug. 29/55 57 10.1 0.86 
Total 947 
Composition of the Diets 
In the 


The data recorded here are based on two types of high lipid diet. 
first series, varying amounts of lecithin and/or cholesterol were added to 
a basic diet of pablum and pilchard oil. In this series an attempt was made 
to prepare diets comparable to the hydrogenated pilchard oil series (8) but 
differing in cholesterol or phospholipid. In the second series the diets were 
simplified by the omission of the pilchard oil. Details for the composition 
of the diets are given in Table II. Only the cholesterol is a chemically 
pure material. The lecithin is an animal product while the ‘‘granulestin’”’ 


is prepared from soybeans. The composition of “granulestin’’, as given by 
the supplier, is shown in Table II. 


The diets are complex and, with the 
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phospholipids in particular, it is impossible to say which of the constituents 
may be involved in the temperature resistance changes described. The 
arguments, therefore, are based on correlations of temperature resistance 
with the changes induced in tissue cholesterol and phospholipid of the goldfish. 


TABLE II 


COMPOSITION OF DIETS 


Constituents (g.) 





Pilchard 

Diet Pablum* oilf Cholesterolt Lecithin§ Granulestin|| 
A 70 25 - a ~ 

B 70 18.75 6.25 5 = 

Cc 70 20 - 10 - 

D 70 15 5 10 - 

E 50 o 50 ~ - 

F 50 - - - 50 

P 100 - - - - 


*Mixed cereals, Mead Johnson & Co. 

+Van Camp Sea Foods, California. 

{Fisher Laboratory Chemical. 

§Animal lecithin (practical), Eastman Kodak Company. 

||{80% phospholipids (mixture of lecithin, cephalin, and inositol phosphatide), American 
Lecithin Company. 


Testing Thermal Resistance 
No attempt has been made to provide a complete picture of the temperature 
tolerance (3) of the different groups of goldfish. Rather, the attempt has 
been to evaluate the effects of the different diets by subjecting the groups 
under comparison—at the same time and in the same lethal temperature 
bath—to a standard sudden change in temperature which would kill most of 
the fish in a convenient period of time (5 to 24 hours). Low temperature death 
was produced by placing the fish in a bath at approximately 2° C. and cooling 
this gradually to about 1° C. over a period of 5 to 10 hours. The effects of 
high temperature were compared in a bath maintained at 35.5+0.5°C. No 
fish was removed from the low temperature bath during the first hour. 
Thereafter, fish were permanently removed when they no longer responded 
to standard mechanical stimulation of the caudal peduncle—first while in the 
cold water and then in air upon a cold wet glass plate. Fish were removed 
from the high temperature bath as soon as they failed, while in the tank, to 
respond to tapping with a glass rod. In either case the animals permanently 
removed (‘‘removals’’) were placed in a 20°C. bath to determine whether 
they were narcotized or truly dead. After about one hour the fish were 
autopsied and the size and sex recorded. 

Low temperature mortality reported previously (8) was the sum of two 
factors—deep cold narcosis and true death due to chilling. In the present 
study an attempt has been made to distinguish these two factors. This 
is necessary since not only diet but also sex has been found to influence both 
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factors. Although criteria for removal from the cold tank were precisely 
defined, it was sometimes found difficult to tell just when a fish should be 
removed. There is thus an obvious potential source of bias. For this reason, 
the different groups of fish were placed in the different compartments of the 
cold tank by one of the investigators and removed by another. Thus, the 
person making the crucial determination of whether or not a fish should be 
removed was unaware of its dietary history until the data were assembled 
at the end of the test. 


Chemical Analyses 

Moisture and lipid determinations of whole macerated goldfish tissues were 
carried out on samples of the control and fat-fed fish which had not been 
subjected to the lethal temperature tests. In an earlier study (9) fish were 
analyzed after they were killed by temperature exposure and this may have 
led to inconsistencies in the data. 

Moisture was determined with the Cenco moisture balance at reduced 
voltage. Average triplicate determinations were checked against the 
conventional oven-drying method and found to agree within a maximum of 
0.28%. Determinations can be completed in 25 minutes and it is doubtful 
whether the added precision afforded by the oven-drying is justified in an 
investigation such as this. 

Total lipids were determined by extracting minced whole goldfish (one 
part goldfish to two parts anhydrous sodium sulphate) with Bloor’s mixture 
(three parts ethyl alcohol to one part anhydrous peroxide-free diethyl ether). 
The use of Bloor’s mixture in place of ether ensures more complete lipid ex- 
traction from tissues. However, material extracted in this way is not all 
ether-soluble (e.g. glycolipids) and, to obtain results qualitatively comparable 
with those reported previously (9), the weighed Bloor’s solubles were 
exhaustively extracted with warm ether, the resulting loss in weight being 
reported as “total lipid’. This indirect procedure for the estimation of 
“ether solubles’’ was adopted initially in an attempt to study changes in 
constituents removed by Bloor’s mixture but not by ether. However, no 
relationships with temperature resistance were evident and all data are, in 
fact, based on ether extracts. 

Cholesterol, iodine number, and phospholipid were determined on direct 
ether extracts of minced tissues. Tissues were minced with anhydrous sodium 
sulphate and peroxide-free, redistilled ether in a Waring Blendor. The 
routine Liebermann-Burchard method was used for the estimation of 
cholesterol. Iodine numbers were determined by the Wij method using 
100+10 mg. lipid. The phospholipid method was considerably modified 
from the original Bloor technique (1). Phospholipids were precipitated in the 
absence of magnesium chloride using 9 ml. of chilled acetone to 3 ml. of the 
ether extract of lipids. The mixture was chilled for 30 minutes in ether- 
washed—preweighed 15 ml. conical centrifuge tubes, centrifuged, the super- 
natant discarded, the precipitate washed with chilled acetone, centrifuged 
once more, and the precipitate dried im vacuo and weighed. The precipitates 
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contained less than 0.015 mg. cholesterol per mg. phospholipid and this is 
within the limits of accuracy of this method. The supernatant contained 
less than 0.06 mg. phospholipid and could be used for the cholesterol 
determinations. 


Results 


Effects of Dietary Lipids on Tissue Lipids 

Tissue lipids were determined in goldfish fed on pablum (control) and on 
diets of pablum with 50% cholesterol or 50% granulestin. All diets produced 
a progressive increase in total lipids of the tissues with a concomitant decrease 
in the moisture content (Figs. 1 and 2). This inverse relationship between 
percentage of lipids and percentage of water in the tissues has been apparent 
not only in these dietary studies but in other biochemical work carried out 
on the goldfish in this laboratory. Data for control goldfish (pablum-fed) 
used in a number of different investigations are summarized in Fig. 3. 


SUMMER 


GRANULE STIN x SUMME R 


@ 


PERCENT LIPIDS 
b 


PERCENT WATER 





20 60 20 40 60 


40 
DAYS DAYS 


Fics. 1 and 2. Effects of diets of pablum (solid line), pablum supplemented with 50% 
cholesterol (dotted line), or 50% granulestin (broken line) on the lipid (Fig. 1) and water 
(Fig. 2) content of (wet) goldfish tissues. 


10. 






S/ TISSUE 
XN 


PERCENT LIPID 
9 


7% 78 82 86 

PERCENT WATER 
Fic. 3. The inverse relationship between tissue water and ether extractables in goldfish 
on a diet of pablum; different seasons and different acclimatization temperatures; semi- 
logarithmic plot. 
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Tissue lipid changes produced by prolonged feeding of the pablum control 
diet are shown in Figs. 4,5, and 6. This diet is 70% carbohydrate (3% lipid 
and 15% protein). After 4 weeks it induced a progressive saturation of the 
body fats, probably due to their synthesis from the carbohydrate (Fig. 4). 
Tissue phospholipids rose slowly during the 65 days of study while tissue 
cholesterol showed little change although the cholesterol content of the total 
lipid declined progressively (Fig. 5). The C/P ratio remained almost constant 
(Fig. 6). 

The diet containing 50% cholesterol produced marked changes in tissue 
lipids. Total lipid was relatively lower and water content relatively higher 
than in fish feeding on the control diet or the high phospholipid ration (Figs. 
1 and 2). The tissue cholesterol and phospholipid values show an orderly 
trend during the first 7 weeks followed by a return toward the original level 
at the time of final sampling (Fig. 7). This 65-day value is believed to 
represent a real change due in some way to prolonged feeding. Comparable 


CHOLESTEROL| TOTAL LIPID 
~---CHOLESTEROL/ WET TISSUE 


xPHOSPHOLIPID/ WET TISSUE 


GRANULESTIN 


IODINE NUMBER 


PABLUM 


-., CHOLESTEROL 
"oO 





20 40 60 20 40 60 
DAYS ON DIETS DAYS 


Fic. 4. Changes in total lipid unsaturation produced by diets of pablum (solid line), 
pablum supplemented with 50% cholesterol (dotted line), or 50% granulestin (broken 


line). 
Fic. 5. Tissue lipid changes produced by the control diet of pablum expressed as 


percentage of total lipid or wet tissue. 


C/P RATIO 
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Fic. 6. Progressive changes in the C/P ratio of fish fed on pablum (solid line), pablum 
supplemented with 50% cholesterol (dotted line), or 50% granulestin (broken line). 
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trends in temperature resistance will be described below. In detail, the tissue 
cholesterol (Fig. 7) and the C/P ratio (Fig. 6) increased markedly reaching 
a peak at about 50 days and declining thereafter. The phospholipid (Fig. 7) 
declined from a peak during the initial period but was rising again at 65 days. 
High cholesterol diet produced a marked and steady decline in the unsatura- 
tion of the tissue lipids (Fig. 4). 


Tissue changes produced by the diet containing 50% granulestin (soya 
phosphatides) were less marked than those in fish fed high cholesterol rations. 
The total lipid and moisture contents of the tissues were essentially the same 
as those of the controls (Figs. 1 and 2). Other tissue lipid changes are shown 
in Fig. 8. The initial cholesterol value is much lower than that of the control. 
Otherwise both cholesterol and phospholipid values did not differ greatly 
from those of the controls and showed a slow but somewhat irregular rise during 
the entire period. The ratios of cholesterol to phospholipid (Fig. 6) or to 
total lipid were similar to those of the controls. However, the degree of 
unsaturation rose steadily and deviated markedly from the control at the 
conclusion of the experiment (Fig. 4). 


HOLE STEROL 
PHOSPHOLIPID 


----0 





20 40 60 20 40 60 
DAYS DAYS 


Fics. 7and 8. Tissue changes i in cholesterol and phospholipid produced by a diet of 50% 
cholesterol (Fig. 7) and 50% granulestin (Fig. 8) expressed as per cent in wet tissue. 


In summary, these diets all produced progressive fattening of the goldfish 
coupled with proportional water loss. Pablum alone produced small specific 
effects. Cholesterol caused an absolute decrease in the iodine number, a 
relative decrease in total lipid, and a relative increase in water of the tissues. 
The iodine number rose in the phospholipid-fed fish but there was no particular 
change in the relative amounts of lipid and water in the tissues. The effects of 
these diets on the tissue cholesterol and phospholipid can be seen more readily 
when the data are plotted in another way. In Fig. 9 the control (pablum) 
values are taken as unity. The progressive changes of cholesterol in the lipid 
(Fig. 9A) and of phospholipid in the wet tissue (Fig. 9B) are plotted as de- 
partures from this against days of feeding. The cholesterol ration induced 
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a marked rise in cholesterol (Fig. 9) and a high initial phospholipid which 
subsequently declined (Fig. 9B). The tests at 9 weeks show a reversal in 
trends. The high phospholipid ration produced an initial fall in the 
cholesterol with a prompt return to normal and little variation thereafter 
(Fig. 9A). This diet did not change the percentage of tissue phospholipids. 
The variation about the control value was as often in one direction as the 


other (Fig. 9B). 


CHOLESTEROL 


PHOSPHOLIPID 





4 
WEEKS 


Fic. 9. Chemical changes produced by pablum diets supplemented with cholesterol 
(solid line) or granulestin (broken line), ‘expressed as ratios of the control values for 
pablum-fed fish. A, cholesterol in total lipids; B, phospholipids in (wet) goldfish tissues; 
semilogarithmic plots. 


Table III summarizes tissue lipid data for diets containing 30% herring 
oil, pilchard oil, or lard. The thermal history of these fish has been reported 
elsewhere (8) and the analyses will be considered below in the general 
discussion. Table III was compiled by Merva K. Cottle and the analytical 
techniques (9) differed somewhat from those used in the work described above. 


TABLE III 


ANALYSES OF GOLDFISH TISSUES AND EXTRACTED OILS (DATA OF MERVA K. COorTTLE) 











Cholesterol / 
Water, Oil, Iodine Phospholipid, Cholesterol, phospholipid 
Diet % % value % in oil % in oil ratio 
Pilchard oil 74.6 3.86 137 0.77 6.5 8.54 
Herring oil 75.0 4.23 115 3.96 4.9 ee 
Lard 75.0 4.97 84 0.75 3.4 4.52 
Hydrogenated 
pilchard oil 79.6 2.05 107 Re 6.8 1.19 
77.3 2.42 112 3.6 5.4 is 
76.8 - 95 2.6 3.9 1.5 
76.6 ze 90 233 5.4 2.34 
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Resistance to Temperature 

Low Temperature Tests 

Lipid supplements of pilchard oil with added cholesterol or lecithin (Diets 
A, B, C, D in Table II) were fed both during the summer and the winter. 
The data in terms of both 25% and 50% removal and true death times are 
summarized in Table IV. It should be emphasized that the data given for 
different dates of testing in this table are not comparable since the initial 
temperature of the bath varied (see Methods). However, on any one date 
the fish from the different diet groups were exposed together and are strictly 
comparable. Only those differences found in fish subjected to an identical 
temperature history are discussed here. 


TABLE IV 


EFFECTS OF SUPPLEMENTS OF PILCHARD OIL AND/OR CHOLESTEROL AND/OR 
LECITHIN ON COLD RESISTANCE. DEVIATIONS ARE DIFFERENCES 
BETWEEN RESISTANCE TIMES FOR FISH FED DIET A (CONTROL) 

AND Diets B,C,D. Survivat, S. 

















- ‘ 25% time, hours 50% time, hours 
Diet joolion Removed Deviation Dead Deviation Removed Deviation Dead Deviation 
Aug. 14 A 24 10 14 15 21 
B 10 0 12 — 2 14 — 1 19 2 
se 7 — 3 14 0 15 0 17 — 4 
D 17 + 7 16 + 2 21 + 6 23 2 
Aug. 29 A 38 9 13 15 17 
B 10 + 1 13 0 15 0 16 — 1 
C 15 + 6 17 + 4 19 + 4 20 + 3 
D 26 + 17 29 +16 31 +16 35 +18 
Nov. 24 A 40 <2 2 9 15 
B + + ; 13 +11 11 + 2 26 +11 
¢ 4 + 3 23 +21 4 — § 38 +23 
D <2 0 4 + 2 23 +14 29 +14 
Nov. 26 A 42 £25 3 3 24 
B 2 +0.5 24 +21 3 0 70%S +++ 
c 3 + 1:5 +21 16 +13 24 0 
D aco + 1.0 16 +13 4 + 1 34 +10 


Despite the complexity of these diets, several features are evident in the 
cold resistance of the fish. Diet A is the control diet of earlier work on 
pilchard oil (8, 10) and in general, fish feeding on it showed the poorest cold 
resistance. Diet B, containing the most cholesterol, produced little change 
in the cold resistance of summer fish but markedly increased that of the 
winter fish. Diet C, containing the maximum amount of lecithin but no 
additional cholesterol, also increased the cold resistance of winter fish 
(maximum winter effect of the diets of this series) and, to a lesser degree, 
that of the summer fish. Diet D, containing supplements of both lecithin 
and cholesterol was consistently beneficial both summer and winter. Thus, 
increased chill resistance is apparently associated with cholesterol supplements 
in the winter and with lecithin supplements both summer and winter. 
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The cholesterol effect may, however, be looked at in another way. Diet B 
is pablum supplemented with cholesterol, while Diet D is pablum and lecithin 
supplemented with cholesterol. If we examine the effect of cholesterol 
supplement alone (B with A) it appears that cholesterol is active only in the 
winter, while, if we compare the effect of adding cholesterol to a lecithin- 
supplemented diet (D with C), it appears that cholesterol is more active during 
the summer (see Table IV). A seasonal variation in thermal resistance has 
been described (6, 7) and the indications are that the level of phospholipid 
may vary the seasonal response to cholesterol. Fig. 10 summarizes the 
effects of supplements of lecithin and cholesterol on pilchard oil diets fed to 
summer fish. 





Fic. 10. Effects of cholesterol or lecithin supplements on the cold resistance of goldfish 
during the summer—expressed as removal times for 50% of the samples; PO, pilchard oil 
diet with supplements of CH, cholesterol and/or LE, lecithin; open bars, feeding for 24 
days; stippled bars, feeding for 38 days. 


Table III supports the above evidence that pilchard oil diets are by 
themselves less effective in cold resistance than diets of pilchard oil 
supplemented by phospholipid and cholesterol. It has already been shown 
(8) that the diets containing hydrogenated pilchard oil become progressively 
less effective in chill resistance as the iodine value of the oil declines (less 
unsaturation). Table III shows that the phospholipids fall markedly with 
the iodine value. Changes in the cholesterol content are less but the same 
trend is present. Of the natural fats listed in Table III, herring oil is a much 
more effective dietary supplement for the promotion of chill resistance than 
either pilchard oil or lard. The phospholipid content of the herring oil is 
about five times as great as that of the other two fats and the cholesterol 
content almost 1.5 times greater than that of lard. These data are fully in 
accord with those presented in Table IV. 

Goldfish were maintained on diets of pablum and 50% cholesterol or 50% 
granulestin (Diets P, E, F, Table II) for prolonged periods and the chill 
resistance tested at intervals. The effectiveness of cholesterol in counteracting 
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chill death or chill narcosis is again evident (Fig. 11). Data with respect to 
‘‘removals” follow an orderly trend. Resistance is increased between the 
second and seventh week, whether the data are considered in terms of 25% 
or 50% removal times. Prolonged feeding of these diets produces detrimental 
effects. 


RESISTANCE 


COLD 


RELATIVE 





2 


WEEKS 
Fic. 11. Dietary modification of chill resistance. Horizontal lines at 1 represent 
control pablum-fed fish; solid line, cholesterol-fed fish, and broken line, granulestin-fed 

fish; A, time required for 25% removal referred back to the unit of time it took for 25% 

removal of the respective controls; B, 50% removal times calculated in the same way; 

semilogarithmic plot. 

The data for the truly dead cholesterol-fed fish are less consistent and the 
effect can only be interpreted as a negative or a variable one. The suggestion 
is that cholesterol increases the capacity of fish to resist cold narcosis—not 
death. This effect can be brought out more clearly in detailed comparisons 
of the action of dietary cholesterol during the early period of chilling. 
Differences not evident in a two-point comparison, such as Table IV, are 
apparent in Fig. 12. In this figure the pablum—pilchard oil diets, as well as 
those presently under consideration, are compared. The inner band of 
Fig. 12 represents the benefit from cholesterol feeding (in percentage spared) 
afforded at 150 minutes’ exposure to cold. This effect is absent at 15 hours 
(outer band). This ‘‘initial protection’’ due to cholesterol is rather variable 
in its duration but rarely fails to appear. 

The effects of prolonged granulestin feeding are also shown in Fig. 11. 
With this supplement, likewise, the cold resistance was greater for several 
weeks but at the end of the experiment the fish were considerably less resistant 
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than the controls. 
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in the initial stages of chilling. 


Dietary cholesterol and “‘initial protection”’ in chill. 
center show 20, 40, 60, and 80% mortality. 
cholesterol diets fed to seven different groups of fish for periods ranging from 25 to 45 days. 
Solid lines joining axes, controls; broken lines, cholesterol-fed fish; inner stippled band, 
protective effect at 2} hours’ exposure; outer band (‘‘v’”’ marks), variable but usually slight 





or detrimental effect at 15 hours’ exposure. 


High Temperature Tests 


resistance test. 


Goldfish fed supplements of pilchard oil with added cholesterol or lecithin 
(Diets A, B, C, and D, Table II) were subjected to only one high-temperature 
These were winter fish. The marked protective action 
afforded by cholesterol is evident both in terms of 25% or 50% true mortality 


times (Table V). 


period of 42 days. 


be particularly significant. 


Goldfish that were fed pablum supplemented with 50% cholesterol or 50% 
granulestin were tested for high temperature resistance at intervals over a 
Only summer fish were studied. These would be expected 
to have a relatively high initial resistance to heat and changes produced would 
The results are summarized in Figs. 13 and 14. 


TABLE V 


EFFECT ON HEAT RESISTANCE OF ADDING CHOLESTEROL 

OR LECITHIN SUPPLEMENTS TO A PABLUM DIET CONTAINING 

25% PILCHARD OIL: NOVEMBER 28, 1952; 44 DAys ON 
DIETARY REGIME; TEST TEMPERATURE 35.0-35.5° C. 


Time (min.) to cause true 








death in: 
Diet 25% sample 50% sample 
A Control 60 140 
B + cholesterol 240 405 


C + lecithin 45 160 


The effect is most evident in terms of 25% removal times 
(Fig. 11A), again indicating that the lipid supplement is especially beneficial 


Circles in order from 
The seven axes show the effects of high 
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Fic. 13. Heat resistance of cholesterol-fed fish, expressed as times required to remove 
(trend lines) or to kill (X marks) 50% of the sample referred back to the unit of time for 
50% of the respective controls. Horizontal line at 1, control pablum-fed fish; solid trend 
line, 50% removal! at test temperature of 35.0-35.5° C., broken line, 50% removal at test 
temperature of 35.8-36.4° C., K, 50% truly dead at test temperature of 35.0-35.5° C.; 
semilogarithmic scale. 

Fig. 14. Heat resistance of granulestin-fed fish, expressed as in Fig. 13. Solid trend 
line, 50% removed at test temperature of 35.0-35.5° C.; broken line, 50% truly dead at 
test temperature of 35.0-35.5° C.; semilogarithmic scale. 


The changes induced by cholesterol are marked and follow the same general 
trend noted in chill resistance. That is, with increasing duration of dietary 
pretreatment, the earlier increased protection is followed later by a decline 
in resistance to heat. This is true whether the results are expressed in terms 
of removals or truly dead fish and evident at test temperatures of both 35° 
and 36° C. (Fig. 13). The narcosis effect noted in the low temperature re- 
sistance tests is not evident when the cholesterol-fed and control fish are killed 
with heat. 

Granulestin also increased the resistance of the goldfish to heat (Fig. 14). 
In this case the picture in terms of removals is irregular although the resistance 
is in general high during the first 4 weeks but markedly lower in the final 
6-week test. In terms of truly dead fish, the curves follow a similar trend 
but resistance is always higher in the experimental than in the control animals. 
Differences between removal times and times for true death are much greater 
with the granulestin than with the cholesterol-supplemented diets (Figs. 13, 14). 
The granulestin-fed fish were thus more likely to enter heat narcosis than were 
the cholesterol-fed animals. 

In summary, diets containing 50% cholesterol or 50% granulestin increased 
the heat resistance of goldfish during the first 2 or 3 weeks of feeding but 
produced detrimental effects with prolonged administration (6 weeks). 
Differences between removal times and times for true death were evident in 
fish fed the phospholipid diet but not in those fed the cholesterol diet. 


Discussion 


The data show clearly that dietary supplements of cholesterol or phospho- 
lipid increase both the high and low temperature resistance of goldfish. The 
central question arising from this demonstration concerns the mechanism by 
which these effects are brought about, and the significance of cholesterol and 
phospholipid in temperature narcosis and death. Another problem apparent 
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in these results concerns the characteristic time-resistance curves produced 
by some of the dietary regimes. In most cases, the increased resistance is 
followed by a decline with continued feedings. Before the data can be 
discussed in relation to temperature death, however, it is necessary to evaluate 
several possible sources of bias since season, size, and sex, as well as dietary 
history, have been shown to affect the temperature resistance of goldfish (6). 


Non-dietary Factors and Temperature Resistance 

Seasonal variations in temperature resistance of fish, maintained at the 
same temperature and fed a standard diet, have been noted over a period of 
5 years. The findings are discussed elsewhere (6). Seasonal changes are 
probably photoperiodically controlled (7) and, in nature, confer a certain 
temperature independence on fish which may be exposed to sudden environ- 
mental changes in the spring and fall. In the present paper, this factor is 
controlled by confining the comparisons to groups treated at the same time 
and tested together in the same lethal bath. 

Size and sex affect both cold and heat resistance of goldfish. In an earlier 
paper (6), it was shown that the average weight of goldfish removed in the 
early part of a cold test was always less than that of fish removed later and 
that for each centimeter increase in length an added 2 hours’ survival 
time might be expected. Further, male fish are more resistant to cold than 
female fish. In the present series of experiments, it was evident that high 
temperature resistance was also modified by size and sex of the fish. In the 
heat tests (Table VI), the larger fish regularly die before the smaller fish; the 
females die somewhat earlier than the males (Table VII). The size effect 
seems definite enough but the action of sex is only an indication in these data. 
In the high-temperature resistance tests, fish die so rapidly that factors 
which confer relatively great advantages in nature, where changes are more 
gradual, might be largely masked. In the cold test the selective action of 
such factors as size and sex is spread over a longer period and thus the effects 
are more evident in the results. 


TABLE VI 


MEAN WEIGHT (G.) OF GOLDFISH REMOVED DURING DIFFERENT 
PERIODS OF HIGH TEMPERATURE EXPOSURE 











Removals 
0-60 min. 60-120 min. 120 min. 
Diet group No. Wt. No. Wt. No. Wt. 
Pablum control 55 13.7 22 11.4 35 411.3 
Cholesterol 50% 47 ‘135 23 10.4 42 10.1 
Granulestin 50% 63 10.8 18 9.2 29 9.4 
Total 165 3 63 10.4 106 10.3 
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TABLE VII 


SEX RATIOS OF GOLDFISH USED FOR HIGH TEMPERATURE RESISTANCE 
TESTS—JUNE TO AuGustT, 1955 


Fish removed during 





0-60 min. 60-120 min. 120 min.-end 








Male Female Male Female Male Female 
Pablum diet 27 28 13 9 17 14 
Cholesterol supplement 23 24 9 14 21 19 
Granulestin supplement 29 32 12 6 13 15 
Total 79 84 34 29 51 48 
Total 164 males: 161 females 
Females/1 male 1.07 0.85 0.94 





These non-dietary differences are doubtless responsible for some of the 
obvious irregularities in results. It was not practical to use a sufficiently 
large number of fish in the different tests to calculate age- and sex-specific 
mortality rates. The sex of a goldfish can usually be determined only by 
autopsy. Reasonable care was exercised to assign fish of the same general 
size range to the different tanks and to the compartments of the lethal bath. 
The bias introduced by the sex factor cannot invalidate the over-all 
conclusions since chill test removal times for winter fish are not subject to 
this effect (see Hoar (6, Fig. 5)) and since the sex differences are so small in 
the heat resistance tests (Table VI). Difference in resistance due to size 
in the different samples is usually much less than the differences in resistance 
times on which these conclusions are based: It is, then, recognized that 
variability in the sizes and sexes of the different individuals in the samples 
has introduced irregularities in the results but have not modified the general 
pattern and the conclusions. 


Cholesterol and Phospholipid in Relation to Temperature Resistance 

Different theories have been proposed for the primary disorganization in 
physiological processes which culminates in temperature death (4, 13). 
The present investigation does not point definitely to the correct theory or 
theories. It does, however, provide further evidence against an explanation 
based on the melting point of the body fat but suggests that certain lipid 
factors will find a prominent place in the explanation which eventually 
proves to be correct. 

The tissue cholesterol/phospholipid ratio, which has been related by 
several workers to cell permeability and temperature resistance, shows very 
poor correlation with the differences in temperature resistance observed in 
this study. Hoar and Cottle (9) found that the C/P ratio declined and the 
cholesterol to fatty acid ratio rose with increasing heat resistance and with 
increasing water content of the tissues during temperature acclimatization 
experiments. These changes were opposite to those reported by Wilbur and 
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Del Pomo (16) for differences between Arctic and non-Arctic fish and to those 
of Mayer and Schaeffer (11, 12) for water content of tissues of several different 
animals. It has already been pointed out, however, that the analyses of 
the acclimatized goldfish were carried out on fish killed in the lethal tests and 
may not have represented the actual relationships in the living animals. In 
the present study separate samples have been used for tissue chemistry and 
for temperature resistance tests, yet, no consistent correlation has been found 
between the C/P ratio and either water content of the tissues or thermal re- 
sistance of the fish. 

In our data, prolonged feeding of cholesterol is associated with increasing 
cholesterol content of the tissue lipids for a period of several weeks after which 
it declines (Figs. 7 and 9). Resistance to both heat and cold follows a similar 
trend (Figs. 11 and 13). During the entire period the water content falls 
progressively (Fig. 2). Likewise, water content did not seem to be correlated 
with temperature resistance when the diets were supplemented with phospho- 
lipid (Figs. 2, 11, and 14). The actual C/P ratio declined slightly in the 
pablum-fed control fish, rose in those receiving 50% cholesterol, and followed 
the control values in those given 50% granulestin (Fig. 6). Moreover, 
fish fed on pilchard oil, herring oil, or lard show no definite correlation 
between temperature resistance and the C/P ratio (Table III). In these 
groups, herring-oil-fed fish are most resistant to cold (low C/P ratio), and the 
lard-fed fish most resistant to heat (intermediate C/P ratio), while in the 
hydrogenated pilchard oil series the lowest C/P ratio is associated with the 
highest resistance to both heat and cold (8, 10). Thus, the actual content of 
cholesterol or phospholipid in the tissues is more definitely correlated with 
temperature resistance than is the ratio of these lipid constituents. 

The melting of the lipids, with release of calcium and/or lipid from the all- 
important cell membrane, has been carefully considered in many discussions 
of temperature death (4, 13). The present investigation, as well as previous 
ones, shows that the melting point (as measured by the unsaturation) of the 
total body lipids is not correlated with resistance to either low temperature 
or high temperature death of these experimental fish. Temperature resistance 
associated with cholesterol feeding was marked by the development of 
progressively more solid fats (saturation) whereas the reverse (desaturation) 
was observed with temperature resistance conferred by the granulestin diet. 
Present studies, however, do not necessarily provide evidence concerning the 
situation with respect to the lipids in the cell membranes or the important 
lipids in the nervous tissue. Specific changes in the lipids of the cell 
membranes or nervous tissue would be masked by the relatively large amounts 
of depot fat and transport phospholipid. 

Body insulation as such has been considered a factor modifying cold 
resistance of some animals. Despite the poikilothermy of the goldfish, it is 
conceivable that small differences in the rate of change of its body temperature 
might be critical. However, it has been previously mentioned that diet 
modifies cold resistance much more than either size or sex. Moreover, in 
terms of total tissue lipids, the pablum-fed control fish were insulated just as 
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well as, or better than, the cholesterol- and granulestin-fed fish (Fig. 1). 
Fig. 1 also shows that tissue lipids were still rising at 65 days of feeding while 
temperature resistance was showing a marked decline. 

These dietary experiments add no information bearing directly on the 
different viscosity—coagulation theories, anoxia theories, or enzyme theories 
of temperature death. Progressive changes in temperature resistance with 
continued feeding of these diets is, however, marked and may be suggestive 
of the mechanism involved in temperature resistance. 

In both heat and cold resistance tests the cholesterol-fed fish showed a 
pattern of high resistance followed by declining resistance after 6 weeks or 
more (Figs. 11,13). The same trend is also evident in several of the resistance 
curves for fish fed phospholipid supplements (Figs. 11 and 14). Moreover, 
it may be significant that these goldfish show remarkably similar, although 
very complex, time resistance curves whether subjected to heat or exposed 
to cold (Figs. 11, 13, 14). To facilitate study of these time-resistance curves, 
three different working hypotheses are being considered: (1) that they are 
manifestations of Selye’s (14) general adaptation syndrome, (2) that they 
exemplify Hickman’s (5) physiological antioxidant activity curve in conditions 
of limiting concentration of some essential metabolite or oxygen, and (3) 
that the curves are due to some other complex change in metabolic pattern— 
possibly mediated through the endocrine system. 

On the basis of mammalian physiology, it could be argued that a “‘stress’’ 
condition was induced in goldfish fed for prolonged periods on a diet of 50% 
cholesterol or phospholipid. However, the interrenal glands (comparable to 
the mammalian adrenal cortex) of these fish have been examined histologically 
and show no consistent evidence of hypertrophy or hyperplasia even though 
the animals have been subjected to these diets for 6 to 7 weeks. It may be of 
interest that the goldfish interrenal reacts promptly to injections of mammalian 
ACTH producing a picture which cannot easily be overlooked. The study of 
the goldfish interrenal will be published elsewhere. To these observations 
may be added the fact that our fish are in evident good health even after 
feeding on these high fat diets for many weeks. The findings indicate that 
our characteristic time-resistance curves are not due to “‘stress’’. 

Hickman’s (5) diagram for antioxidant activity may be used to explain the 
shape of the response curves under consideration assuming a ‘‘wanted reaction” 
limiting. To the ‘zm vivo’ and “in vitro’’ conditions Hickman adds the 
“in transitu’’ state. Metabolites and nutrients may be considered ‘‘in 
transitu’’ while journeying to and from the site of physiologic catalysis. It 
is not too unlikely that ‘‘accidental’’ oxidations (‘‘unwanted reactions’’) 
will occur during this period—non-specific reactions which result in loss of 
metabolites. According to Hickman, biological antioxidants such as ascorbic 
acid (shown by Dugal and Fortier (2) to be important in cold resistance), 
nicotinic acid, pyridoxine, tocopherols, and tannins may play an important 
role in the body by conserving essential compounds while ‘in transitu’’. 
The non-specific oxidations decline with the addition of antioxidant material 
up to a certain concentration, after which these same antioxidants may start 
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to interfere with the wanted reactions—and, in addition, the curve for 
unwanted reactions rises. In a situation where either oxygen or a labile 
metabolite is limiting, as may well be the case in chill, an optimum antioxidant 
concentration will become obvious owing to maximum survival at that 
concentration. If this is to explain the characteristic time-resistance curves 
obtained, it must be assumed that continued feeding of phospholipid diets 
results in a progressively increasing physiological antioxidant titer in the 
body system responsible for thermal resistance. The phospholipid mixture 
used in many of the tests contained cephalin, which is a recognized source of 
antioxidant activity. It is possible that the cephalin content of some or all 
tissues was increased by feeding mixed phospholipids. Cholesterol, on the 
other hand, is certainly not an antioxidant, and it is very doubtful whether its 
similar effect on thermal resistance could have the same basis. It is 
emphasized that the antioxidant ‘‘explanation”’ of the time-resistance curves 
is a tentative working hypothesis of limited applicability. 


Finally, an explanation of these characteristic curves may lie in complex 
changes of metabolic pattern induced by continued feeding of high lipid diets. 
Seasonal variations in thermal resistance, differences due to sex, the effects 
of thyroxine and thiourea (Hoar (6, Fig. 4) and unpublished) all indicate that 
changes in endocrinology modify the thermal resistance of goldfish. Endocrine 
regulation of fat metabolism may be seriously taxed by the high fat content of 
the diet, resulting in the changing pattern of resistance observed. This 


hypothesis remains to be investigated. 
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A SQUASH METHOD FOR SOMATIC CHROMOSOMES OF APHIDS! 
Leo A. DIONNE? AND P. B. SPICER? 


Abstract 


Embryonic aphids are a good source of aphid chromosomes when extruded 
and left for 15 minutes in 25% Ringer’s solution, fixed for 1 hour in a mixture 
of 2 parts glacial acetic acid, 2 parts 95% ethyl alcohol, and 0.125 parts of 
chloroform. The embryos are then hydrolyzed for 5 minutes in normal hydro- 
chloric acid at 60° C. and stained in Gomori’s hematoxylin for 30 minutes at 60° C. 
After differentiation in 45% acetic acid for 4 to 2 hours, the embryos are placed 
on a microscope slide, squashed under a cover glass, and mounted in 45% acetic 
acid. Individual plates are spread and flattened at low magnification with 
the point of a scalpel by tapping and pressing the cover glass over the figure. 
Unused embryos in 45% acetic acid and prepared slides will keep in ‘‘deep 
freeze’ for about two weeks. Permanent preparations are made by floating the 
cover glasses from frozen slides in cold 95% ethyl alcohol, dehydrating in absolute 
alcohol, and mounting in an alcohol-based mounting medium. 


Introduction 


Until recently, most studies of aphid chromosomes were made from sectioned 
material. Colling (1) has reported on a squash method for the somatic 
chromosomes that apparently gives satisfactory results. This method 
involves osmic acid fixation and is reportedly most useful with permanent 
slides. Other squash techniques using acetocarmine, aceto-orcein, Feulgen, 
and Gomori’s hematoxylin were not fully satisfactory for aphid chromosomes 
at the Fredericton laboratory. To fill this need, a consistently dependable 
squash method that does not require osmic acid fixation has been developed. 
The disadvantages of osmic acid are bypassed through the use of more 
manageable and commonly used reagents. The method has proved useful 
for detailed studies of aphid chromosomes without recourse to permanent 
slides. However, the method is well adapted to the making of permanent 
preparations should these be desired. 

The following procedure has been used in a study of the somatic chromo- 
somes of four species of aphids infesting potatoes, and for a number of species 
infesting other host plants. 


Materials and Procedure 


1. Extrude the embryos from about 25 adult aphids in a 25% Ringer’s A 
solution (2). Remove and discard the adult bodies. Leave the embryos in 
the dilute Ringer’s for 15 minutes. 

2. Remove the Ringer’s solution and replace it with a mixture of 2 parts 
glacial acetic acid, 2 parts ethyl alcohol, and 0.125 parts chloroform. Leave 
for 1 hour. 

3. Hydrolyze the embryos (in a lens paper bag) in normal hydrochloric 
acid at 60° C. for 5 minutes. 


1Manuscript received June 21, 1957. 

Contribution No. 3652, Entomology Division, Science Service, Department of Agriculture, 
Ottawa, Canada. 

*Field Crop Insect Section, Entomology Laboratory, Fredericton, N.B. 
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4. Wash briefly in distilled water and transfer to Gomori’s hematoxylin 


(3) at 60° C. for 30 minutes. 

5. Remove from the stain and place in 45% acetic acid for a minimum of 
30 minutes. 

6. Place five or six stained embryos on a clean microscope slide in a minimal 
amount of 45% acetic acid. 

7. Apply a cover glass and gently squash the preparation by tapping it 
with a blunt instrument. 

8. After an initial squashing, flood the area under the cover glass with 45% 
acetic acid, take up the excess acid with a piece of blotting paper, and press 
the slide between blotters. The slide should now be ready for examination. 
A good preparation shows numerous sharply stained nuclei spread out in a 


thin, even film. 
Discussion 


The embryos are extruded in a Syracuse dish by applying pressure on the 
abdomen of each aphid with a small glass rod. The prefixation solution is 
made by diluting a standard Ringer’s A solution (Darlington and LaCour, 
(2, p. 118)) with distilled water in the ratioof 1:3. This treatment prevents 
a peculiar heteropycnotic condition of the nuclei in material not so treated 
(Figs. 1 and 2). It also results in contraction and better spreading of the 
chromosomes. 

Changing the solutions is simplified if the liquid containing the embryos 
is taken up with a special pipette made by attaching a rubber bulb to one end 
of a 5-in. piece of glass tubing having a 5-mm. bore. The solution and aphids 
can thereby be transferred to a 19-mm. micro-Buchner funnel fitted with a 
disk of lens paper that is fluted to form a cup. The lens paper cup is then 
taken from the funnel and placed in a Syracuse dish where the fixing solution 
is carefully distributed around the periphery of the disk so as to cover the 
embryos with a thin film of fixative. 

Before hydrolysis, it is advisable to place the lens paper disk carrying the 
embryos on a somewhat larger disk. The edges of both can then be drawn 
together with forceps so as to enclose the embryos in a small “‘bag’’. The 
“‘bag’’ can be kept closed by tying it with cotton thread. The free ends of 
the thread serve to fasten the “‘bag”’ to the end of a glass rod so as to prevent 
the material from floating during hydrolysis and staining. 

If it is desired to examine the embryos as soon as staining is completed, 
it is necessary to wash the “‘bag’’ of embryos in several changes of 45% 
acetic acid; otherwise the embryos are difficult or impossible to see in the 
very dark staining solution. 





Fic. 1. Sharply stained nuclei from tissues treated with dilute Ringer’s solution before 
fixation. XX 2400 

Fic. 2. Heteropycnotic aspect of nuclei in tissues fixed without pretreatment with 
dilute Ringer’s solution. x 2400 

Fics. 3-6. Somatic chromosome plates of A phis abbreviata Patch 2n=8, Macrosiphum 
solanifolii (Ashm.) 27 =10, Aulacorthum solani (Kltb.) 2n=10, and Myzus persicae (Sulz.) 
2n=12 stained with Gomori’s hematoxylin by the method given. X 2400 
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The chromosome plates are seldom perfectly spread out or flattened when 
first observed but most can be made usable by gentle tapping of the area over 
the plate with the point of a scalpel to spread the chromosomes, followed by 
somewhat greater pressure to flatten the plate. Spreading and flattening 
must, of course, be done at a lower power. Squashing of individual plates 
can only be done if just the right amount of 45% acetic acid is under the 
cover slip. Since there is a tendency for the acetic acid to dry out, it must be 
replaced from time to time by a small drop placed on one edge of the cover 
glass. If an excess is added, the slide should be removed from the microscope 
stage and gently blotted; otherwise the plates float away when manipulated. 
However, once a plate has been well flattened, it is rarely displaced. 

At the Fredericton laboratory, all good plates are photographed as soon 
as observed and all chromosome measurements are made from X4 enlar- 
gements of these photographs. A temporary slide lasts for about two weeks 
if kept in “deep freeze’. All unmounted material may also be kept for 
some time by the same method. Permanent preparations may be made 
by floating off the cover glasses from frozen slides in 95% alcohol and mounting 
the slide and cover slip separately in Gurr’s neutral mounting medium.* 

Figs. 3-6 indicate the effectiveness of this technique for the chromosomes 
of four species of potato-infesting aphids. 


*George T. Gurr Ltd., London, S.W. 6, England. 
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OF NORTH AMERICAN WILD GEESE AND SWANS! 


HAROLD C. HANSON, NORMAN D. LEVINE, AND VIRGINIA IVENS 


Abstract 


In a survey of the coccidia of 362 wild geese and swans from Canada and the 
United States, including subspecies and populations of Anser albifrons, A. 
caerulescens, A. rosst, Branta canadensis, B. bernicla, and Olor columbianus, the 
following coccidia were found: Eimeria anseris, E. brantae, E. fulva, E. hermani, 
E. magnalabia (syn., E. striata), E. nocens, E. truncata, E. ‘clarkei n. sp., E. farri 
n. sp., and Tyzzeria anseris. Reports in the literature on the species of coccidia 
occurring in wild and domestic geese and their prevalence and geographic 
distribution are summarized with particular reference to North American flyways. 


715 
COCCIDIA (PROTOZOA: EIMERIIDAE) 


Introduction 


The increasingly intensive use of submarginal land for agriculture and 
other purposes has tended to concentrate waterfowl populations in winter 
on federal, state, and private refuges. This trend toward concentration of 
existing populations has been particularly true for wild geese, many populations 
on the continent now being largely confined in winter to refuge areas. These 
concentrations produce at least the potential hazard of widespread losses from 
epizootics of one kind or another. Thus the problem of refuge sanitation 
adds another burden to the responsibilities of the refuge manager. 

Although wild geese appear to be relatively free from serious epizootics, 
the occurrence of an outbreak of renal coccidiosis in Canada geese at the 
Pea Island National Wildlife Refuge, North Carolina (Critcher (6)) and 
later the recognition of the gizzard worm, Amidostomum anseris, as an 
important cause of winter losses among the Canada geese at this refuge 
(Herman and Wehr (22), Cowan and Herman (5)) indicates the possibility 
of similar outbreaks elsewhere.- The potential danger of disease outbreaks 
is illustrated by the fact that the area around Horseshoe Lake State Game 
Refuge in southern IIlinois alone winters about half of the Mississippi flyway 
population and, together with the Union County State Wildlife Refuge and 
the Crab Orchard National Wildlife Refuge in southern Illinois, winters 
about 90 per cent of the flyway population. 

Since 1949 a cooperative study has been carried out by the Illinois Natural 
History Survey and the University of Illinois College of Veterinary Medicine 
on parasites of wild geese in the United States and Canada, with special 
reference to the Mississippi flyway population of Canada geese. The coccidia 
were first reported on by Levine (26), the blood parasites by Levine and 
Hanson (29), and the filariae by Hanson, Levine, and Kantor (17) and Hanson 
(15). 

1 Manuscript received May 24, 1957. 


Contribution from the Illinois Natural History Survey, Urbana, and College of Veterinary 
Medicine and Agricultural Experiment Station, University of Illinois, Urbana, Illinois, U.S.A. 


Can. J. Zool. 35 (1957) 
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The present paper reports the results of surveys carried out in 1954, 1955, 
and 1956, describes two new species of Eimeria, redescribes two more, gives 
additional details on the morphology of other species, and summarizes available 
information on the host—parasite relationships, prevalence, and geographic 
distribution of the coccidia of geese. 


Materials and Methods 


The 362 fecal and intestinal content samples examined in the present 
study were obtained from 11 species and subspecies of wild geese and swans. 

The bird nomenclature followed in this paper is that of Delacour and 
Mayr (9), Delacour (7, 8), and of an anonymous author (2). We have been 
dependent for subspecific determinations of many of the hosts on the persons 
who made the collections in the field. While it may at first seem questionable 
to rely on field identifications of subspecies, the differences in size between 
most of them as well as differences in their ranges permit the use of subspecific 
names with confidence. For example, it may be difficult to differentiate 
some individuals in a mixed series of museum skins of B. canadensis hutchinsi 
and B. c. minima. However, the former breeds in the eastern Arctic and 
winters in the Central flyway, while the latter breeds in Alaska and winters 
in California, so that the probability of either one being taken in the range 
of the other is extremely small. The exact identity of the somewhat larger 
“lesser Canada goose’’, which winters on the Pacific coast, is open to question, 
but on the basis of known range it is more likely B. c. taverneri, a subspecies 
which breeds along the north and northwestern coast of Alaska (Delacour 
(7)) rather than B. c. parvipes, which breeds mainly in the Arctic portions 
of the Canadian mainland west of Hudson Bay. 

Fecal or intestinal content samples were obtained by various collectors 
(see Acknowledgments for names) in several ways: from feeding grounds 
where only a single known species of goose had been feeding just prior to 
collection; from geese bagged by Indian hunters in northern Canada or by 
American hunters in the United States; from geese trapped with cannon nets; 
and from flightless young and adult Canada geese captured in northern 
Ontario and Manitoba with drive traps. 

All fecal samples were preserved in 2.5% potassium bichromate solution 
for transportation or shipment to Urbana. In the laboratory each sample was 
mixed thoroughly, placed in a thin layer in a Petri dish, and allowed to incu- 
bate at room temperature for 5 to 7 days. If the oocysts had not sporulated 
by that time, they were allowed to incubate longer. The coccidia were 
concentrated for examination by centrifugal flotation in Sheather’s sugar 
solution. 


Results 


The findings are given in Table I and discussed below for each coccidian 
species. Table I also summarizes information from the literature on the 
prevalence of coccidia in geese and swans. 
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Eimeria anseris Kotlan, 1932 (23), emend. Kotlan, 1933 (24) (Fig. 1) 

This species was found in fecal samples from Anser c. caerulescens and 
Branta c. hutchinsi from York Factory, Manitoba. These are both new host 
records. EE. anseris has apparently not been previously reported from the 
western hemisphere. 


Fic. 1. Eimeria anseris Kotlan, 1932. Sporulated oocyst from snow goose, Anser 
caerulescens caerulescens. X 2300 

Fic. 2. Eimeria nocens Kotlan, 1933. Sporulated oocyst from snow goose, Anser 
caerulescens caerulescens. X 2300 

Fic. 3. Eimeria clarkein.sp. Oocyst from snow goose, Anser caerulescens caerulescens. 
xX 2300 

Fic. 4. Eimeria farri n. sp. Sporulated oocyst from white-fronted goose, Anser 
albifrons frontalis. X 2300 
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E. anseris was originally described from the domestic goose, Anser anser, 
in Europe. Since Kotladn’s (24) description is incomplete, the sporulated 
oocysts are redescribed here. 


Description 

The oocyst might be called pear-shaped, although its form is actually 
closer to that of a sphere surmounted by a truncate cone, with a micropyle 
at the truncate end. Some oocysts are rather squat, others somewhat 
elongate, and a few somewhat asymmetrical. Forty-four sporulated oocysts 
from a single snow goose measured 16 to 19 by 20 to 24 yw, with a mean of 17.2 
by 21.7u. Their length-width ratios ranged from 1.1 to 1.4, with a mean 
of 1.27. These figures may be compared with the range of 13 to 18 by 16 to 
23 uw given by Kotlan (24). 

Oocyst wall smooth, colorless, composed of a single layer about 1p 
thick, wall slightly thickened around micropyle, but incised sharply to form 
a plate or shelf across the micropyle itself. Just beneath the micropyle of 
the sporulated oocysts and forming a seal beneath it is a mass of amorphous 
material. This is the oocyst residuum; it was not seen in unsporulated 
oocysts. There is no refractile granule. 

Sporocysts almost completely fill the oocyst. Sporocysts ovoid, with a 
wall slightly thickened at the small end, but without a true Stieda body. 
Sporocysts approximately 7 to 9 by 10 to 124, some being more elongate 
than others. Two sporozoites and a large residuum almost completely fill 
each sporocyst. Kotlan (24) stated that the sporocyst residuum was small, 
but this is a relatively minor difference. The sporozoites often lie more or 
less transversely at the anterior and posterior ends of the sporocyst. 


Eimeria nocens Kotlan, 1933 (24) (Fig. 2) 

This species was found in Amser c. caerulescens (new host record). This 
species has apparently not been reported from the western hemisphere before. 

Ei. nocens was originally described from the domestic goose, Avser anser 
in Europe. Kotlan (24) did not describe the sporulated oocysts, but gave a 
photomicrograph of one in which details cannot be clearly discerned. The 
following description of the sporulated oocysts from our material therefore 
provides new information on this stage. 


Description 

Oocysts ovoid but flattened at the micropylar end. Twenty-one sporulated 
oocysts from three snow geese measured 29 to 33 by 19 to 24 yw, with a mean 
of 31.0 by 21.6 uw. Their length-width ratios ranged from 1.3 to 1.7, with a 
mean of 1.45. Oocyst wall smooth, composed of two layers, the outer one 
1.3 w thick and pale yellow, the inner one 0.9 yw thick and almost colorless. 
Prominent micropyle present. True micropylar cap absent, but the micropyle 


appears to be present only in the inner wall! and is covered by the outer wall. 
Neither oocyst residuum nor refractile granule present. However, part of 
the oocyst wall often forms one or more roundish protuberances just below 


the micropyle. 
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Sporocysts broadly ellipsoidal, with a thin wall. A very small Stieda 
body is present in some, but none can be seen in others. Fourteen sporocysts 
measured 10 to 14 by 8 to 10 yw, with a mean of 12.1 by 9.1 uw. The two 
sporozoites usually lie head to tail in the sporocysts and contain two or more 
large, clear globules which almost obscure their outline. There is a large 
amount of residual material in the sporocysts; it does not form a circumscribed 
body, but fills the space between the sporozoites. 


Eimeria magnalabia Levine, 1951 (26) 

Synonym: Eimeria striata Farr, 1953 (12) 

This species was found in Anser albifrons frontalis (new host record), 
A. c. caerulescens (new host record), B. canadensis interior, B. c. hutchinsi 
(new host subspecific record), and B. c. minima (new host subspecific record). 

Thirty-one sporulated oocysts from five A. c. caerulescens measured 16 to 19 
by 20 to 25 w, with a mean of 17.5 by 22.3 uw. Their length—width ratios 
ranged from 1.1 to 1.4, with a mean of 1.28. 

This species was originally described by Levine (26, 27) from Branta c. 
interior from Horseshoe Lake Game Refuge in southern Illinois. Farr (12) 
described it under the name Eimeria striata from B. canadensis in North 
Carolina and Michigan, and also transmitted it experimentally to the domestic 
goose. 

Farr (12) stated that F. striata differed from E. magnalabia in having one 


or more polar bodies and a small sporocyst Stieda body, and in the thickness 
of the two layers of the oocyst wall at the micropylar end. However, we have 
found by study of a larger series of E. magnalabia than was available when 
the species was first described that there is no significant difference between 


the two forms. In this study oocysts were examined not only from Anser 
caerulescens, A. albifrons, and Branta c. hutchinsi but also from the type host, 
Branta canadensis interior, from the type locality, Horseshoe Lake, Illinois. 

E. magnalabia has no polar refractile granules; the structures figured by 
Farr are not the colorless granules produced during sporogony which this 
name designates. Farr’s structures are yellowish in color, not sharply 
refractile, and are actually derived from the oocyst wall, from which they 
hang down around the micropyle. The rounded granules in Farr’s drawing 
are more discreet than the thickenings around the micropyle illustrated by 
Levine (27), but all intermediate stages between these two shapes have been 
seen. Actually, the thickenings illustrated by Levine are more bulbous 
and regular than usual. 

When seen under a microscope with achromatic objectives, some of the 
sporocysts appeared to have a small Stieda body while others did not. When 
studied carefully under a microscope with apochromatic objectives, this 
structure was seen not to be a thickened knob formed by the sporocyst wall 
but a small mass of clear material just beneath the wall. This is what was 
illustrated by Farr, except that the line demarcating it from the sporocyst 
wall was not indicated. It was not illustrated by Levine. 
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The third criterion used by Farr to differentiate E. striata from E. magnalabia 
was the morphology of the oocyst wall. In both species the wall was described 
as composed of two layers, the outer one being yellowish, thick, finely striated 
and pitted, and the inner one being thin and colorless. However, Levine 
stated that the inner wall did not extend all the way to the micropyle, while 
Farr stated that it did, actually becoming thicker around the micropyle. 
In the present study it was observed that in some oocysts the inner wall 
conformed to Levine’s description, while in others it extended to the micropyle. 


Eimeria brantae Levine, 1953 (28) 

This species was found in a fecal sample from Branta canadensis hutchinst. 
This is a new subspecific host record. 

E. brantae was originally described from Branta canadensis parvipes from 
the mouth of the Perry River on the Arctic Ocean in the District of MacKenzie, 
Northwest Territories. Only a single sporulated oocyst was seen, and a 
detailed morphological study was not made of it, the description being based 
on unsporulated oocysts. The oocysts from B. c. hutchinsi again failed to 
sporulate, so no additional morphological information can be given. 

When she named E. hermani (see below), Farr (12) remarked on its resem- 
blance to E. brantae, but considered the differences sufficient to justify estab- 
lishing her species as new. We concur in this. E. hermanzi is not truly 
ovoid but ellipsoidal, with slightly flattened sides, while E. brantae is ovoid. 
In addition, while the inner oocyst wall of E. brantae is thickened around 
the micropyle, the thickening is smooth and does not resemble the prominent, 
irregularly thickened wall around the micropyle of E. hermanti. 


Eimeria fulva Farr, 1953 (12) 
This species was found in Anser c. caerulescens. This is a new host record. 
E. fulva was originally described from the Canada goose, Branta canadensis, 
from North Carolina, New York, and Michigan. Farr (12) also transmitted 
it to the domestic goose. 


Eimeria hermani Farr, 1953 (12) 

This species was found in fecal samples from Amser c. caerulescens (new 
host record) and Branta c. minima (new host subspecific record). 

Thirty-eight oocysts from two snow geese measured 24 to 27 by 16 to 19 yp, 
with a mean of 25.3 by 17.8 w. Their length-width ratios ranged from 
1.3 to 1.6, with a mean of 1.42. 

E. hermani was originally described from the Canada goose, Branta 
canadensis, from North Carolina and Michigan. Farr (12) also transmitted 
it experimentally to the domestic goose. 


Eimeria clarkei n. sp. (Fig. 3) 

This species was found in a fecal sample from a snow goose, Anser caeru- 
lescens caerulescens, from Weenusk, Ontario. No completely sporulated 
oocysts were found, even after repeated incubation at room temperature in 
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a thin layer of 2.5% potassium bichromate solution. However, a number of 
oocysts containing four sporoblasts were seen, so that this species can be 
safely assigned to the genus Eimeria. 


Description 

The oocysts resemble a round-bottomed flask with a short, narrow neck. 
Eighteen oocysts measured 25 to 30 by 18 to 21 yw, with a mean of 27.3 by 
19.3 uw. Their length—-width ratios ranged from 1.3 to 1.5, with a mean of 
1.42. The oocyst wall is colorless, smooth, and composed of a single layer 
1 uw thick. There is a prominent micropyle at the protruding anterior end. 
The structure around it is unusual. The oocyst wall divides into two layers 
separated by a little space. The inner layer forms the wall of the micropyle, 
while the outer layer forms a flattened cover over it. More often than not, the 
inner layer does not quite touch the outer one anteriorly. The oocyst wall 
is not delicate, and does not shrink readily in the Sheather’s sugar solution 
used for flotation. The sporont in the unsporulated oocysts is relatively 
small, ranging from 9 to 13 w in diameter, with a mean of 12 uw. The partially 
sporulated oocysts containing four sporoblasts have no oocyst residuum or 
refractile granule. 

E. clarkei resembles E. anseris in the general appearance of its oocyst wall, 
but is considerably larger, lacks an oocyst residuum, and differs markedly 
in the structure of its micropyle. 

E. clarkei also resembles E. truncata somewhat, but a comparison with 
Kotlan’s (24) and Lerche’s (25) descriptions of the latter shows that it is 
quite different. Kotl4n made a point of the resemblance between £. truncata 
and E. nocens, stating that aside from the unmistakable difference in size 
and a difference in configuration of the micropyle wall observable on careful 
inspection, the oocysts of the two species are quite similar. £. clarkei, on 
the other hand, bears little resemblance to E. nocens. E. clarkei is larger 
than E. truncata. Kotlan (24) emphasized that he had never encountered 
an oocyst of the latter longer than 24 uw and that oocysts 22 uw long seldom 
occurred. The oocysts measured by Lerche (25) were 14.3 to 22.8 uw long and 
11.7 to 15.6 uw wide. The oocysts of E. clarkei are 25 to 30 w long. Kotlan 
did not indicate the number of layers in the oocyst wall of E. truncata, but 
E. nocens, which he said it resembled, has two. Lerche (25) stated that the 
wall has a double contour, but illustrated only one layer. E. clarkei has a 
single layer. Kotlan mentioned that the wall of E. truncata is delicate, 
shrinking very quickly during the concentration process; this was not true 
of E. clarkei. Finally and most important, the structure of the micropyle 
of E. clarkei differs from those described for all other coccidian species from 
birds of the order Anseriformes. Despite the fact that no completely 
sporulated oocysts were seen, the establishment of a new species for it appears 
justified. This species is named in honor of Dr. C. H. D. Clarke of the 
Ontario Department of Lands and Forests. 
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Eimeria farri n. sp. (Fig. 4) 
This species was found in a fecal sample from one of six white-fronted geese, 
Anser albifrons frontalis, at the Colusa Wildlife Refuge, Sacramento, California. 


Description 

Oocysts ellipsoidal, slightly ovoid, sometimes slightly asymmetrical. 
Micropyle absent. Oocyst wall smooth, colorless to very pale yellow, composed 
of a single layer about 0.9 w thick. Oocyst polar granule present. Oocyst 
residuum absent. Sporocysts elongate-ovoid, 12 to 13 by 6 uw, with a small 
Stieda body. Sporozoites at ends of sporocysts. Sporocyst residuum finely 
granular; in addition to it there are a number of more or less scattered coarse 
granules. Only three sporulated oocysts were measured, although more were 
seen. They ranged from 22 to 23 by 17 to 20 yw, with a mean of 22.8 by 18.0 pu. 
Their length—width ratios ranged from 1.2 to 1.3, with a mean of 1.27. 

The oocysts of E. farri differ from those of all other species of Eimeria 
from geese except FE. parvula Kotlan, 1933 (24) in lacking a micropyle. 
However, the oocysts of E. parvula measure only 10 to 15 by 10 to 14 w and 
are spherical to subspherical, while the oocysts of E. farri are much larger 
and more elongate. Since the sporulated oocysts of EF. parvula have not 
been described, these cannot be compared. 


Tyzzeria anseris Nieschulz, 1947 (33) 


In the present survey, 7yszeria was found in fecal samples from Olor 
columbianus (new host record), Anser albifrons frontalis (new host record), 
Anser cacrulescens caerulescens (new host subspecific record), Anser rossi 
(new host record), Branta canadensis interior, Branta c. moffitti (new host 
subspecific record), B. c. taverneri (2?) (new host subspecific record), B. c. 
minima (new host subspecific record), and B. bernicla hrota (new host record). 

The correct specific name for the Tyzzeria of geese has been discussed by 
Levine (27) and Farr and Wehr (14). Three species of Tyzzeria have been 
named from birds. The type species, 7. perniciosa Allen, 1936 (1) was 
described from the domestic Pekin duck, Anas boschas (syn., A. domesticus) 
on Long Island, New York. 7. alleni Chakravarty and Basu, 1946 (3) was 
described from the cotton teal, Cheniscus (syn., Nettapus) coromandelianus, 
in India. TJ. anseris Nieschulz, 1947 (33) was described from the domestic 
goose, Anser anser, in the Netherlands. Since the oocysts of all three forms 
are morphologically alike, proof of their specific distinctness must depend on 
differences in their parasitic, intracellular stages or in their host specificity. 
However, no studies have been made of the intracellular stages of T. alleni 
or T. anseris, while the only cross-transmission studies are those of Nieschulz 
(33), who failed to infect a single duck with sporulated oocysts of T. anseris 
from Anser anser, and of Farr (11), who infected A. anser with Tyzzeria sp. 
from Branta canadensis. Further cross-transmission studies are needed to 
determine whether 7. alleni and T. anseris are synonyms of T. perniciosa. 
In the meantime, it is considered best to use the name T. anseris for the 
Tyzzeria of geese and swans. 
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Discussion 


Available information on the species of coccidia reported from wild and 
domestic geese and swans and on their prevalence and geographic distribution 
is summarized in Table I. 

Five species of coccidia, Eimeria anseris, E. nocens, E. parvula, E. truncata, 
and Tyzzeria anseris, have been found in the domestic goose. All these 
(except E. parvula) plus six others have been found in wild geese. T. anseris 
has also been found in the whistling swan, but no coccidia have apparently 
been reported from domestic swans. Furthermore, four of the species from 
wild geese (E. fulva, E. hermani, E. magnalabia, and T. anseris) were trans- 
mitted experimentally from Branta canadensis to the domestic goose by 
Farr (11,32) 

All of the 10 species of Eimeria described from geese except E. parvula 
have been found in North America, and four have been found in Europe. 
These last, E. anseris, E. nocens, E. parvula, and E. truncata, were all originally 
described from the domestic goose. The only one of these found so far in 
the domestic goose in North America is E. truncata. E. anseris and E. nocens 
were reported for the first time in North America in the present paper, but 
they were found in wild geese. JT yzzeria anseris has been found in domestic 
geese in Europe and in domestic and wild geese and the whistling swan in 
North America. 

It is hardly necessary to point out that wild geese are a potential source of 
coccidial infection for domestic geese. 

So far as wild geese alone are concerned, coccidia have been found in three 
of the four wild North American species of Anser and in both of the two 
North American species of’ Branta. Coccidia have not yet been reported 
from the Emperor goose, A. canagica, but this species has not yet been 
examined. 

The most widely distributed species is Tyzzeria anseris, which has been 
found in all six goose species from which coccidia have been reported and in 
the whistling swan. Eimeria magnalabia has been found in three species 
of wild geese and has been transmitted experimentally to the domestic goose. 
E. anseris and E. truncata have been found in the domestic goose and two 
wild species. EF. fulva and E. hermani have been found in two species of 
wild geese and have been transmitted experimentally to the domestic goose. 
E. nocens has been found in the domestic goose and one wild species. E. 
brantae, E. clarkei, and E. farri have been found in one wild species each. 


While most species of Eimeria are generally considered to be confined 
to single host species or at least to single host genera, it is apparent that many 
of the goose Eimeria have a broader host spectrum. E. anseris, E. fulva, 
E. hermani, E. magnalabia, and E. truncata occur naturally in both Anser 
and Branta. So far, E. clarkei, E. nocens, E. parvula, and E. farri have been 
found only in Anser, and E. brantae only in Branta. Perhaps future study 
will reveal that some of these have a wider host range. 
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The continent has been divided for waterfowl into a series of flyways on 
the basis of their flight habits. Generally speaking, wild geese breed in the 
northern part of the continent and winter in the south. Their flyways are 
much more restricted than are those of ducks. There is relatively little 
crossing over between flyways, the birds in each forming largely self-contained 
populations. Asa result, subspecific differences, and even specific ones, have 
arisen. For example, the subspecies of the Canada goose, Branta canadensis, 
which are successively encountered in proceeding westward from the north 
Atlantic coast are (roughly speaking) canadensis, interior, hutchinsi, parvipes, 
moffitti, taverneri, and minima. Some of these subspecies, notably interior 
and hutchinsi, are found in more than one adjacent flyway. 

The flyways, at least as they apply to the goose populations whose coccidia 
have been studied, are: 

(1) The North Atlantic flyway.—The greater snow geese of this flyway 
(Anser c. atlanticus) breed on Baffin and Ellesmere Islands and winter along 
the Atlantic coast from Chesapeake Bay to North Carolina. The Canada 
geese of this flyway (B. c. canadensis) (the coccidia of which have not yet 
been studied) breed in Labrador, Nova Scotia, and Newfoundland, and winter 
along the Atlantic coast from southern Nova Scotia to New Jersey. The 
Atlantic brant (B. bernicla hrota) of this flyway breed in the eastern Canadian 
Arctic and winter on the Altantic coast from New Jersey to North Carolina. 

(2) The South Atlantic flyway—The Canada geese of this flyway (B. c. 
interior) breed east of Hudson Bay and James Bay and on the Belcher Islands 
and winter along the Atlantic coastal region from Chesapeake Bay to North 
Carolina. 

(3) The Mississippi flyway—The Canada geese of this flyway (B. c. 
interior) breed in the District of Patricia of northern Ontario (which lies 
south of Hudson Bay and west of James Bay) and winter in the upper 
Mississippi Valley. 

(4) The Eastern Prairie flyway.—The lesser snow geese of this flyway 
(A. c. caerulescens) breed on Southampton Island and in the District of 
Keewatin, Northwest Territories, and winter along the Gulf Coast of western 
Louisiana and in Texas. The Todd’s Canada geese (B. c. interior) of this 
flyway breed in the muskeg of northern Manitoba and winter from east-central 
Arkansas to the Gulf Coast of western Louisiana and Texas. The Richardson’s 
Canada geese (B. c. hutchinsi) of this flyway breed on southwestern Baffin 
Island, Southampton Island, and the shore of the Arctic Ocean from Melville 
Peninsula to Boothia Peninsula, and winter principally along the northwestern 
portions of the Gulf of Mexico. 

(5) The Central flyway.—The white-fronted geese (A. a. frontalis) and lesser 
Canada geese (B. c. parvipes) of this flyway breed in the districts of Keewatin 
and eastern Mackenzie, Northwest Territories, and winter in southern United 
States west of the Mississippi River and south into Mexico. 

(6) The Pacific flyway.—All the geese of this flyway in the present study 
except B. c. moffitti breed in the Arctic areas of western Canada and Alaska, 
and winter in California and Oregon; the B. c. moffitti were resident in the 
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refuges where their fecal samples were collected. For further details regarding 
each species see Cooch (4), Delacour (8), Hanson and Griffith (16), Hanson 
and Smith (19), Hellmayr and Conover (21), Lewis (31), and Manning (32). 

The whistling swan breeds in arctic Alaska and Canada east to Baffin Island. 
The division line on the breeding grounds between the swans that winter on 
the Atlantic and Pacific coasts is not known. It is likely, however, that the 
swans which breed on Southampton Island and Baffin Island winter on the 
Atlantic coast. 

The incidence of coccidia in the various flyways is summarized in Table II. 
Although our information is far from complete and will undoubtedly be changed 
as more data are accumulated, a study of the distribution of coccidia reveals 
some noteworthy relationships. 

Tyzzeria anseris is again the most widespread coccidium, being found in 
all six flyways. Eimeria magnalabia has been found in all but the North 
Atlantic flyway. E. hermani is the next most frequent, having been found 
in all but the North Atlantic and Central flyways. E£. fulva has been found 
in three flyways, the South Atlantic, Mississippi, and Eastern Prairie. 
E. truncata has been found only in the South Atlantic and Pacific flyways. 
E. brantae has been found only in the Eastern Prairie and Central flyways. 
The other four species have been found in a single flyway each, E. farri in the 
Pacific flyway, and E. clarkei, E. anseris, and E. nocens in the Eastern Prairie 
flyway. By a coincidence, the last two are the only species of Eimeria other 
than E. truncata and E. parvula which have been reported from Europe. 

The distribution of £. truncata is particularly striking. This species, which 
causes a pathogenic kidney infection, has been found in domestic geese in 
many parts of North America, including Illinois (Levine, Morrill, and Schmittle 
(30), Farr and Wehr (14)), but among wild geese it has been reported only 
from the South Atlantic and Pacific flyways, and not from the flyways between. 
This does not seem due to the examination of too few birds. We ourselves 
failed to find it in 258 geese from the interior flyways, although we recognized 
it in four out of 43 Canada geese from Maryland and in three out of 103 geese 
from the West Coast. 

This difference in distribution of E. truncata becomes even more striking 
when it is considered that it involves two different populations of the same 
subspecies of Canada goose, B. c. interior. Those of the South Atlantic 
flyway, which breed on the Belcher Islands and east of Hudson Bay and 
James Bay and winter at Pea Island, North Carolina, and other areas of the 
Middle Atlantic coast (Hanson and Griffith (16)), have a high infection rate 
(Table I), but those of the Mississippi flyway, which breed west of Hudson Bay 
and James Bay and winter in southern Illinois (Hanson and Smith (19)), 
are uninfected. 

Of the 10 species of coccidia reported from North American wild geese, 
the greatest number (eight) was found in the Eastern Prairie flyway, while 
five were found in the South Atlantic and Pacific flyways, four in the Mississippi 
flyway, three in the Central flyway, and one in the North Atlantic flyway. 
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Probably too few birds were examined from the last two flyways to yield 
reliable figures. 

The paucity of coccidian species in Canada geese of the Mississippi flyway 
is somewhat obscured by the occurrence of E. fulva and E. hermanz in birds 
from the Seney Wildlife Refuge, Michigan. The Canada goose population 
at this refuge includes birds brought in from other flyways which live there 
permanently. Only E. magnalabia and T. anseris were found in 160 Canada 
geese from Horseshoe Lake, Illinois, and from the west shores of Hudson Bay. 
and James Bay in Canada. 

The lesser snow geese which feed along the southwest coast of Hudson Bay 
in autumn, and again more briefly in spring, carry five species of coccidia 
not found in the Horseshoe Lake flock of Canada geese, yet a portion of the 
latter also feed in the coastal areas for varying periods in late summer and 
autumn. The reasons for this lack of cross transmission between the two 
populations are not clear, particularly as three of the five species (E. anseris, 
E. fulva, and E. hermani) have already been recorded from Branta. However, 
the following factors may have some bearing on the problem: Most of the 
Canada geese which breed in the muskeg south of the coast do not frequent 
the coastal areas in spring, while in late summer and autumn only a portion 
of the flock reaches the coastal areas. The latter includes families of geese 
that have slowly descended the rivers, reaching the coast about the time the 
young are ready to fly. But, according to the Indians of the region, these 
families concentrate at the timber-line sector of the rivers instead of proceeding 
close to the coast where the type of marsh favored by the snow geese is found. 
Depending on the region in question, the timber line may be from several 
to 15 or more miles inland from the main feeding marshes of the lesser snow 
goose. Thus at least partial ecological separation of the two species would 
tend to hold cross transmission to a minimum. 

Climatic conditions may also be a factor. Oocysts dropped by snow geese 
on the coastal marshes during the previous autumn would likely be killed 
by freezing in winter. Widespread flooding of the rivers due to ice jams 
at the time of the spring breakup would also cleanse areas around the lower 
reaches of the rivers. 

Other unknown factors may also be operating. Doran’s (10) experience 
with Eimeria mohavensis of the kangaroo rat, Dipodomys panamintinus 
mohavensis, in southern California is suggestive. He found this coccidium 
in 8.7% of 251 of these rats which he trapped and examined, and was able 
to transmit it experimentally to D. merriami merriami in 11 out of 12 trials. 
However, he never found it in 197 D. m. merriami which he trapped and 
examined, even though the two rat species are sympatric, nest near each 
other, have similar food habits, forage over the same range, have been taken 
in the same trap within half an hour, and D. merriami frequently robs food 
from the burrows of other species of kangaroo rats. Neither lack of suscepti- 
bility nor spatial or ecological separation, then, can account for the absence of 
E. mohavensis from D. merriami. 
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Another difference in parasitism between the B. c. interior populations 
of the South Atlantic and Mississippi flyways has to do with the gizzard 
worm, Amidostomum anseris. Herman and Wehr (22) reported that this 
nematode is extremely prevalent in Canada geese wintering on the coast of 
North Carolina, while Cowan and Herman (5) considered it to be an important 
cause of winter losses among them on Pea Island, North Carolina. It is 
uncommon, however, in the Canada geese at Horseshoe Lake, Illinois. 

O’Roke (34) found Amidostomum sp. commonly in wild geese and ducks in 
California. This observation combined with those discussed above suggests 
a possible correlation between the occurrence of Amidostomum and Eimeria 
truncata in North America. 

Because wild geese adhere strongly to the flyways in which they originate, 
which are for geese quite exact and of limited geographical scope, the dissemi- 
nation of coccidia or other parasites from one flyway to another is not likely 
to be rapid. The data on incidence and prevalence of coccidia in wild geese 
bear this out, further reinforcing the validity of the flyway concept, at least 
as applied to geese. 

Further studies are needed of larger numbers of geese in all North American 
flyways to map out more completely the distribution and prevalence of each 
coccidian species in the various host species, subspecies, and flyways. In 
addition, we can fully understand how well the distribution of the coccidia 
portrays anserine zoogeography and evolution only after such circumpolar 
species as Anser caerulescens, A. albifrons, and Branta bernicla have been 
studied both in North, America and across Eurasia. 

Further study of the Ross goose also appears desirable in order to ascertain 
whether there is a relationship between its low numbers and parasitism. 
The pathogenic E. truncata occurs in this goose, and O’Roke (34) found the 
gizzard worm, Amidostomum, in three of five Ross geese he examined in 
California. Coccidia are generally more pathogenic in young birds than 
in old ones, but observations of Ross goose broods on the breeding grounds 
at Perry River, Northwest Territories, in 1949 (by Hanson, Queneau, and 
Scott (18)) revealed no significant mortality during the first 2 weeks of life. 

As a matter of fact, little attention has been paid even to the coccidia of 
the domestic goose. Most reports of coccidiosis in this bird have dealt 
with E. truncata, which brought itself into notice because of its pathogenicity. 

It appears, however, that 7 yzzeria is primarily a parasite of wild geese 
which seldom occurs in domestic geese. It is not unlikely that future cross- 
transmission experiments will show that the Tyzzeria of geese and ducks are 
the same; if so, the correct name would be T. perniciosa Allen, 1936 (1). 
Eimeria magnalabia and probably most of the other anserine species of Eimeria, 
even including E. anseris and E. nocens, are also probably primarily parasites 
of wild geese seldom occurring in domestic geese. Finally, it is tempting 
to speculate that EF. truncata was originally a parasite of the graylag and 
domestic goose in Eurasia, and that it has reached North American wild 
geese relatively recently, entering from both the east and west. 
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There is little evidence as to whether coccidian transmission is greater 
on the breeding or the wintering grounds. Studies of the prevalence of 
coccidia when the birds arrive in the south and periodically thereafter are 
needed to determine the amount of transmission on the wintering grounds. 
Some information on the role of the breeding grounds in the transmission of 
coccidiosis is provided by our findings on B. c. interior. The 24 birds collected 
at Ft. Severn, Ontario, and Owl River, Manitoba, were all immature. Since 
they had never been south, it is clear that Eimeria magnalabia and Tyzzeria 
anseris (the two species of coccidia found in them) at least can be transmitted 
on the northern breeding grounds. In addition, our study on the wintering 
ground at Horseshoe Lake, Illinois, in November and December, 1954, and 
February, 1955, indicated no significant change in the infection rate during 
the interval. 
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Summary 


In a survey of the coccidia of 362 wild geese and swans from Canada and 
the United States, Eimeria anseris was found in Anser caerulescens caerulescens 
and Branta canadensis hutchinsi (both new host records); E. brantae was 
found in B. c. hutchinsi; E. fulva was found in A. c. caerulescens (new host 
records); E. hermani was found in A. c. caerulescens (new host record) and 
B. c. minima; E. magnalabia (syn., E. striata) was found in A. albifrons 
frontalis, A. c. caerulescens (both new host records), B. c. interior, B. c. hutchinsi, 
and B. c. minima; E. nocens was in found in A. c. caerulescens (new host 
record); E. truncata was found in Anser rossi (new host record) and B. c. 
mofitti; E. clarkei n. sp. was found in A. c. caerulescens; E. farri n. sp. was 
found in A. albifrons frontalis; and Tyzzeria anseris was found in Olor colum- 
bianus, A. a. frontalis, A. c. caerulescens, A. c. atlantica, A. rossi, B. bernicla 
hrota (all four new host records), B. c. interior, B. c. moffitti, B. c. taverneri (?), 
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and B. c. minima. The sporulated oocysts of E. anseris and E. nocens are 
described for the first time. These species had previously been reported only 
in the domestic goose in Europe. Reports in the literature on the species of 
coccidia occurring in wild and domestic geese and their prevalence and 
geographic distribution are summarized with particular reference to North 
American flyways. TJ yzzeria anseris is the most widely distributed coccidium, 
being found in all six flyways from which birds have been studied. E. truncata 
occurs on both the Atlantic and Pacific coasts, but has not been found in 
wild geese in the central part of the continent. 
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THE OCCURRENCE OF TRIMETHYLAMINE OXIDE IN 
FUNDULUS HETEROCLITUS! 


ANE M. G. OGILVIE? AND A. A. WARREN 
J 


Abstract 


The trimethylamine oxide present in trichloroacetic extracts of Fundulus 
heteroclitus muscle was determined indirectly by the colorimetric determination 
of trimethylamine as the picrate salt. The oxide content increases with the 
length of the fish and, while spawning, females showed larger contents than 
males. Fundulus kept in fresh or sea water and fed an oxide-free diet, showed 
an increase in oxide content which reached a high value in 35-45 days. After- 
wards the oxide content declined and then rose again. The liver has small 
amounts present which tend to vary similarly. Injections of the oxide were 
recovered mainly in the excreta and to a lesser extent in the muscle and liver 
tissues. Fundulus starved for a month showed an increase in the oxide content 
of the muscle. It appears that trimethylamine oxide originates in muscle tissue 
as a result of two processes, one exogenous and one endogenous in origin. 


Introduction 


Trimethylamine and trimethylamine oxide have been isolated from a 
large variety of marine organisms. No explanation for the presence of this 
oxide in marine fish has been generally accepted. However, several theories 
on its origin, function, and metabolic fate have been proposed and were 
reviewed by Dyer (4). 

For many years fresh-water organisms were considered to contain no trime- 
thylamine oxide or merely traces of it. More recently Anderson and Fellers 
(1) reported trimethylamine oxide as well as trimethylamine to be present in 
small amounts in certain fresh-water species of fish. This report further 
complicated the study of trimethylamine oxide as previously most theories 
were based on the presence of this compound in the tissues of marine fishes 
and its absence from fresh-water forms. 

The research reported in this paper is concerned with the trimethylamine 
oxide content of the muscle tissue of Fundulus heteroclitus, the killifish, to 
determine whether the oxide present in the tissue is exogenous or endogenous 
in origin. 

Methods 

Killifish were caught at Indian Point near St. Andrews, N.B., and brought 
to the laboratory in large cans of sea water. The supply of fish was kept in 
tanks of standing sea or tap water, which was changed at intervals. The 
temperature of the fish varied between 13° and 15°C. during the winter 
months. In captivity those fish not participating in special diet experiments 
were fed a trimethylamine oxide-free diet of crushed dog cubes (Gro-pup). 


1Manuscript received May 10, 1957. F 
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Determination of Trimethylamine and Trimethylamine Oxide 


Muscle 

The fish were killed by decapitation immediately before dissection so that 
no trimethylamine (TMA) could arise from reduction of the trimethylamine 
oxide (TMAO) by bacterial agents. Head, tail, and entrails were removed 
from the body. The muscle was then separated from the backbone and 
integument. When determinations were made on fish 5 cm. or less in length, 
only the head, tail, and entrails were removed. The remainder of the fish 
was cut into small pieces. 

As all the fish were quite small, 3 to 9 cm. long, several fish of the same 
relative size had to be filleted in order to obtain a sufficiently large sample. 
Before each experiment, the fish were measured from head to tail and the 
mean length calculated. 

Trichloroacetic acid extracts of fish muscle were prepared according to 
the extraction method of Dyer, Dyer, and Snow (5). A direct determination 
of TMA was made on a small part of the extract. The TMAO present in 
the remainder of the extract was reduced and the colorimetric determination 
of TMA as the picrate salt was followed (3). The TMAO content may be 
represented by the difference between the direct and indirect readings. The 
TMA content of muscle or liver was never more than 0.20 mg. TMA-N/100 
g. of tissue and so it was always neglected in calculation of the oxide content. 


Liver 

Determinations on the liver were performed in essentially the same manner 
as those on the muscle. However, since the amount of liver worked up to an 
extract was usually less than 500 mg., Dyer’s method was modified by reducing 
the absolute quantities of the materials. 

Throughout the course of the experiments the TMAO content is expressed 
on a wet weight basis: mg. oxide-N/100 g. wet muscle or liver. 


Observations and Results 


Variation of the TMAO Content 

The TMAO content of killifish muscle was determined at intervals during 
the summer months, each determination being made as soon as possible 
after the fish had been brought to the laboratory from St. Andrews. Males 
and females were differentiated for analysis. The results are shown graphi- 
cally in Fig. 1, which depicts an increase in TMAO content of both sexes 
with an increase in length. The figure indicates that at the beginning of 
July (A) there is no difference in the oxide content of the sexes (t=0.302). 
Towards the end of July (B), however, the TMAO content of females is 
markedly higher than that of males of the same length (¢=2.400*). This is 
the time of spawning. In the latter part of August (C) spawning is just 
about over and the oxide content of males is comparable to what it was 


*The TMAO was prepared in the laboratory according to the method of Elliot (6).The 
resulting crystals were recrystallized to a constant melting point from absolute ethyl alcohol. 
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A. Killifish caught on July 5, 1956. C. Killifish caught on August 25, 1956. 


B. Killifish caught on July 25, 1956. 


D. Killifish caught on September 25, 1956. 
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previous to spawning. The resulting effect is a very slight and insignificant 
difference in the TMAO content of the muscles of males and females of the 
same length (¢ for the data in C=2.286; ¢ for the data in D=1.726). A 
month later the external appearance of the fish indicated that the spawning 
season was definitely over. 

Some very small fish were caught in September. These fish in which the 
TMAO was present in low concentrations were thought to have hatched 
this season. 

A very few fish were caught in October. Four females, mean length 6.8 
cm., contained a TMAO content of 21.24, while eight males, mean length 
5.6 cm., showed a TMAO content of 20.40. As in September there is no 
difference in TMAO content attributable to sex. 

Subsequently, fish caught on July 26, 1956, will be denoted as the “July” 
fish; those caught on August 25, 1956, as the ‘‘August”’ fish; and on September 
25, 1956, as the ‘‘September’’ fish. 


TMAO Content of Males and Females in Fresh and Salt Water 

The fish discussed in this section were fed a TMAO-free diet. Some 
July fish that had been in sea water were placed in tap water. They adjusted 
themselves to this sudden change in salinity with no difficulty. At intervals 
of approximately one month the TMAO content of the muscle was determined. 
The results are presented graphically in Fig. 2, which shows a decrease in 
TMAO content of the muscle after the fish have been in fresh water for 
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Fic. 2. Time course of the variation{in. TMAO‘content of the muscle of “July” male 
killifish kept in fresh water. 





SEER Ee nee 





SF TTT LET LE I PONT EOE I TET ES TEL TE LOI A LAM AP ET ELLE LE SSIES Ao a EY A AIT TE A EM AR Sa tS 














OGILVIE AND WARREN: TRIMETHYLAMINE OXIDE 


100 GM. MUSCLE 


MGM. OXIDE NITROGEN PER 





30 60 90 120 150 


MUSCLE 


100 GM. 


MGM, OXIDE NITROGEN PER 





sO 100 150 200 250 


TIME IN DAYS 


Fic. 3. Time course of the variation in TMAO content of the muscle of ‘‘August”’ 
killifish. 

Females in sea water are indicated by closed circles. 

Females in fresh water are indicated by open circles. 
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Fic. 4. Time course of the variation in the TMAO content of the muscle of killifish 
in sea water. 
“September” females are indicated by open circles. 
“September” males are indicated by closed circles. 
Fall killifish are indicated by crosses. 
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35-64 days. There is a 40% drop in the oxide content. Twenty days 
later the content still showed the same low value. An insufficient number 
of fish prevented a complete repetition of this experiment with fish in sea 
water. However, two determinations were made with females. Initially 
14 females, mean length 5.6 cm., contained a TMAO content of 18.70. 
Following a 73-day period in sea water eight females, mean length 5.7 cm., 
showed a TMAO content of 10.06. This is a 46% drop in the oxide content 
of the muscle. 

August female killifish, in both fresh and sea water show an initial increase 
in TMAO content occurring after about thirty days, followed by a drop 
(Fig. 3). The experiment with the fish in sea water was carried on for 141 
days. At the end of this period the oxide content was still low. However, 
the corresponding experiment in fresh water continued for a longer duration. 
Here, the drop in oxide content is followed by an increase, so that after 134 
days the content has risen to a value approximately equal to the initial value. 
It was during this period that the fish were not eating well. At feeding time 
they did not come to the surface of the water and look for food but remained 
barely moving at the bottom of the tank. TMAO determinations were 
also performed on August males in sea water. The determinations were 
made more frequently and over a shorter period. The results are represented 
in Fig. 3, the curve being fitted by eye. A gradual increase in oxide content 
is again noted. 

In a preliminary experiment a similar variation in TMAO content of the 
muscle was noted. ‘The killifish used for the experiment were kept in sea 
water and had been brought to the laboratory on two occasions. Oxide 
determinations showed that these two groups of fish had similar TMAO 
contents and, consequently, were considered to be one and the same group 
in this respect. No distinction was made between males and females as 
these fish had been caught late in the season. Fig. 4 shows this variation 
graphically. The increase in TMAO during the first 35 days was also observed 
in September males and females, kept in sea water (Fig. 4). Experiments 
with the females were performed long enough to demonstrate the decrease 
subsequent to the initial rise in TMAO content. 


T MAO Determination of the Liver 

Determinations of TMAO were also made on the liver of fish fed a 
TMAO-free diet and kept in sea water. The results obtained demonstrate 
that the oxide is present in very small amounts but tends to vary in the 
same manner as that of the muscle (Table I). 


Effect of Diet on TMAO Muscle Content 

In the above experiments the killifish have been on a diet of crushed dog 
cubes. Now some were fed a diet containing no protein, others were put 
on normal and high protein diets, while still others were denied food. The 
fish were fed daily 500 mg. of the prescribed diet, which was sprinkled over 
the surface of the sea water. The diets were prepared according to the 
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formulae in the Diets Manual of Nutritional Biochemicals Company. The 
experiment ran fora month. The high protein diet had a severe effect on the 
appearance and metabolism of the fish. These fish developed a reddish color 
around their gills on the third day, and the greater number had died by the 
seventh day. The experiment was repeated and on the seventh day the fish 
were tested for the TMAO content of the muscle. No change was found. 


TABLE I 


TMAO CONTENT OF LIVER 














No. of Mean Days TMAO content 
fish length, in sea of liver mg. 

Fish Sex extracted cm. water oxide-N/100 g. 
August Female 5 7.9 2 4.21 
Male 3 8.3 3 1.74 
Male 6 3 16 2.88 
Male 12 6.5 25 2.38 
September Female 1 10.5 1 1.19 
Female 4 a1 27 1.26 
Female 4 7.0 57 1.78 
Female 2 8.1 62 a.56 
Male + 7.4 7 1.19 
Male 4 6.8 45 2.09 

TABLE II 


EFFECT OF DIET ON TMAO MUSCLE CONTENT 














No. of Mean Initial Final 
fish length, TMAO mg. TMAO mg. 
Sex extracted cm. Diet oxide-N/100 g. oxide-N/100 g. 

Male 8 5.8 Gro-pup 20.40 

Female 4 6.8 Gro-pup 21.29 

Male 5 6.7 Non-protein 23.58 
Male 5 6.1 Non-protein 22.65 
Male 3 4.9 Normal protein 22.53 
Female 2 7.0 Normal protein 21.74 
Male 1 6.4 Fasted 26.52 
Female 5 7.0 Fasted 29.07 


The results of the other diets are drawn up in Table II. Feeding killifish 
these diets for 1 month had no significant effect on the TMAO content of the 
muscle. However, those fish that had been starved showed a marked increase 
in TMAO content. 

These results led to an experiment consisting of starving some August 
females after they had been in fresh water for 92 days. The TMAO content 
of seven females, mean length 7.2 cm., was 13.59 before starvation was begun. 
After 1 month of starvation the TMAO content had risen to 26.39 for two 
females (mean length 7.3 cm.) as compared to 18.02 for three females (mean 
length 6.9 cm.) undisturbed by this starvation. 
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Injection and Feeding Experiments 

Betaine, choline, and methionine were injected into the body cavity of 
fish to determine whether these chemicals were precursors in the synthesis 
of TMAO; TMAO* was injected into other fish to follow its fate. After 
being placed in a small volume of sea water for 24 hours the fish were killed 
and the muscle, liver, and water were tested for TMAO. Any TMAO found 
in the water could be attributed to TMAO excreted by the fish. No increase 
in TMAO either in the fish or the water was detected following the injections 
of betaine, choline, and methionine. There was an increase in the TMAO 
content of both muscle and liver following the injection of TMAO, but the 
greatest recovery of the oxide was found in the water into which it had been 
excreted (Table ITI). 

Some fish that had previously been on a TMAO-free diet were placed on a 
diet containing TMAO, an homogenate made from sole fillets. The homo- 
genate was fed to seven fish in sea water over a period of 12 days. The feeding 
was performed with the aid of a small dropper, which had been calibrated and 
was inserted into the fish’s mouth. A small recovery of the oxide was found 
in the muscle. Some other fish were fed a solution of TMAO in the same 
manner. This experiment ran for 14 days. Again, a small recovery was 
noted in the muscle (Table IV). 


TABLE IV 


FEEDING EXPERIMENTS 


Initial Initial Total TMAO Final Final 0 
number TMAO mg. fed mg. number TMAO mg. recovery 
of fish oxide-N /100 g. oxide-N /100 g. of fish oxide-N/100 g. of TMAO 
extracted muscle Diet muscle extracted muscle in muscle 
6 29.37 Sole homogenate 64.3 7 31.07 y 


9 26.17 TMAO solution 462.2 8 36.08 2.2 


Examination of the Stomach Contents 

Food organisms in the two loops of the intestine were examined 
microscopically. Amphipods belonging to the family Orchestiidae were 
found most abundantly. A few Hemiptera belonging to the family 
Corixidae (water boatman) were present along with a few polychaete worms 
and some small molluscs. Killifish favor amphipods since most of the 
stomachs examined contained only amphipods. A good sized fish, 7.0—-7.5 cm. 
long, may contain two to three dozen. Small fish 4 cm. long may contain 
10 amphipods in the two loops of the intestine. 


Discussion 


The results have shown that when killifish fast the oxide content of their 
muscle tissue rises. While the fish are on a TMAO-free diet the oxide content 
first rises, then falls, after which it rises again to its normal level. Apparently 
TMAO normally originates in marine fish muscle tissue as the result of two 
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processes, one exogenous and one endogenous in origin. When the exogenous 
supply of TMAO is cut off by feeding the fish a TMAO-free diet, the 
endogenous process carries on alone and we find a rise in TMAO content for 
about 30-45 days. Then this endogenous process presumably is overtaken 
by the failure of the exogenous source of TMAO and the TMAO content 
falls. Since a certain amount of TMAO must be necessary for normal 
functioning of the metabolism of marine fish, the same endogenous process 
or possibly a second one, begins to build up TMAO again. This would cor- 
respond to the rise to the normal level that has been observed. The rise 
in TMAO in the fasting fish probably corresponds to the endogenous rise 
noticed during the first 30-45 days on a TMAO-free diet. 

Experimental evidence has shown that the TMAO content of killifish muscle 
is subject to variation before, during, and immediately following the 
spawning period. The metabolic function of this oxide may be in some way 
related to the variation of the oxide content with sex and length while 
spawning. It is possible that male and female possess different rates of 
feeding, which would have to be considerable to cause a difference in oxide 
content as great as has been demonstrated. The two intestinal loops of 100 
killifish caught in July were examined. There appeared to be no difference 
in the amount of feeding between the sexes. Although this examination was 
only qualitative, it appears that both males and females fed normally. 
Newman (7) says that during spawning the females have to sacrifice much 
of their vitality to egg production and become rather sluggish. It appears 
that fish, in which metabolism is low, produce more TMAO. 

Killifish winter in a more or less sluggish state on the bottoms of deeper 
holes or creeks (2). Fish kept in laboratory tanks took less food during 
December and January than normally and were in a sluggish state. At 
this time there was an increase in the oxide content. Perhaps seasonal 
changes in metabolism of the fish are being reflected in TMAO production. 

Ronald and Jakobsen (10) reported the presence of TMAO in milt and roe 
of herring. The amount of oxide in the milt was about three times as great 
as that in roe. It may be that the oxide is transferred from the muscle to 
the milt. However, no experiments have been done correlating the oxide 
content of muscle and milt over the year. Poller and Linneweh (9) also found 
TMAO in the roe of herring. Two determinations for amine and oxide were 
made on the roe of killifish; amine contents of 0.28 and 0.82 mg. amine-N/100 
g. roe and corresponding oxide contents of 1.40 and 0.60 mg. oxide-N/100 g. 
roe were found. The determination resulting in a higher amine and lower 
oxide content was made on roe that had been in the refrigerator for a day. 

Eggs of killifish fertilized around the last of July would hatch in 9-18 days, 
the incubation period depending upon the temperature. On hatching the 
larva is 7.0to 7.7mm. long. A fry of about 20 mm. resembles its parents. By 
examination of the stomach contents it has been found that these killifish 
feed almost exclusively on amphipods, which contain 3.06 mg. oxide-N/100 g. 
(8). At the end of September these fish were 4.0 to 4.5 cm. in length and had 
oxide values ranging from 7.24 to 10.85 mg. oxide-N/100 g. This is 
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approximately 50 days after the fish have been hatched. Assuming that the 
fish eat 12 amphipods of average size and weight every day from the time 
they are hatched and that 85% of the oxide is excreted and 15% of the oxide 
is stored in the muscle every day, it would take 200 days for the TMAO 
content to build up to 10 mg. oxide-N/100 g.. No absolute decision can be 
reached on these assumptions since they are only theoretical. However, 
since it takes only 50 days for young killifish to accumulate this amount of 
TMAO, a process giving rise endogenously to TMAO must be in operation 
in addition to the exogenous source of the oxide. 
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THE METAZOAN PARASITES OF THE HETEROSOMATA 
OF THE GULF OF ST. LAWRENCE 


II. ENTOBDELLA CURVUNCA SP. NOV. (TREMATODA: CAPSALIDAE)! 
KEITH RONALD 


Abstract 


Entobdella curvunca sp. nov. (Trematoda: Capsalidae) is described from 
Hippoglossus hippoglossus from the Gulf of the St. Lawrence. 

The common halibut (Hippoglossus hippoglossus) of the northwest Atlantic 
Ocean has been recorded previously as carrying only one representative of the 
genus Entobdella (Blainville, 1818), namely Entobdella hippoglossi (Miiller, 
1776). This parasite has been reported from almost every area in which the 
host has been taken. The record of the species described below is, therefore, 
interestin gin that no mention has been made of it in the literature, suggesting 
that this parasite is limited to the Gulf of St. Lawrence from where few reports 
have been made on the monogenetic trematode fauna of fish hosts. 

In the present survey specimens of E. hippoglossi were often found on the 
skin of Hippoglossus hippoglossus, as were smaller ectoparasitic trematodes. A 
study of the known species of Entobdella indicated that although the writer’s 
specimens belong to the genus by virtue of the presence of glandular areas 
on the cephalic lobe, they do not actually correspond to any of the published 
descriptions and are, therefore, described as a new species. 


Entobdella curvunca sp. nov. 

The color of the living trematode is almost pure white, with few pigmented 
areas. Body the shape of an elongate ellipse, 7 to 13 mm. long by 3 to 6 mm. 
wide; cephalic lobe definitely emarginated from the rest of the body by lateral 
constrictions. Anterior haptors poorly formed into elliptical, slightly 
depressed glandular areas; line of demarcation weakly defined between the 
two prohaptors. Opisthaptor with the characteristics of the genus, sucker-like, 
1.5 to 2.5 mm. in diameter, surrounded by marginal membrane 0.055 to 
0.075 mm. wide. Ventral surface concave, posterior two-thirds bearing 
radiating rows of prominent papillae which decrease in size as they approach 
the center of the opisthaptor. Opisthaptor armed with three pairs of large 
hooks (anchors) and 14 marginal hooklets. Hooks of the first pair pointed, 
flat-bladed, 0.390 to 0.455 mm. in length and 0.091 to 0.143 mm. wide at the 
broadest point. Second pair of hooks longer: 0.54 to 0.99 mm., tips of which 
are recurved and pointed; roots twisted and slender, 0.052 to 0.091 mm. wide. 
Third pair of hooks recurved into fine points posteriorly with curved indenta- 
tions anteriorly, 0.085 to 0.119 mm. long, 0.025 to 0.040 mm. wide. Marginal 
hooklets twisted, approximately 0.055 mm. long by 0.004 mm. wide. 


1 Manuscript received August 13, 1957. 
Contribution from Département des Pécheries, Quebec No. 58, Station de Biologie Marine, 
Grande-Riviére, Qué., and the Institute of Parasitology, McGill University, Macdonald 
College, Macdonald College P.O., Que., Canada. 
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Mouth ventral, slightly posterior to marginal constrictions limiting 
prohaptor from the body. Pharynx 0.40 to 0.80 mm. long by 0.46 to 0.58 mm. 
wide. Intestine bifurcates into two main arms close behind the pharynx, 
the two arms passing the length of the body, with four main branches anteriorly 
and ten branches laterally. Junction anterior to the opisthaptor, between 
main caiials. 

Common genital atrium at left and slightly posterior to lateral marginal 
constrictions of prohaptor. Cirrus pouch present, elongated and rounded, 
lying between pharynx and ovary, with its base closer to anterior extremity 
of ovary than to posterior edge of pharynx. Ovary broadly elliptical, 0.60 
to 0.85 mm. long by 0.56 to 0.76 mm. wide. 

Both testes hexagonal in shape, touching on the median line, equatorial 
in position, 1.08 to 1.32 mm. long by 0.72 to 1.06 mm. wide. Vitellaria 
well developed, follicular, occupying almost entire body area, less closely 


Fic. 1. (A) Entobdella curvunca. (B) The three pairs of hooks of the opisthaptor 
of E. hippoglossi. (C) The three pairs of hooks of the opisthaptor of E. curvunca. 
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packed laterally, limited anteriorly by anterior margin of pharynx, posteriorly 
by opisthaptor. Uterus slightly coiled containing few eggs. Vagina opens 
behind the common genital aperture. 


Host: Hippoglossus hippoglossus (Linné, 1758). 

Location: Skin. 

Locality: La Tabatiére, north shore of the Gulf of St. Lawrence; Anti- 
costi Island; Brion Island, Magdalen Islands. 


Incidence: Fourteen of a total of 57 halibut examined carried E. curvunca. 





The three species of Entobdella described previously from the northeastern 
Atlantic have been redescribed by Price (2). The descriptions and rede- 
scriptions are used here to show the morphological variations between E. 
curvunca and E. hippoglossi, E. squamula, and E. bumpusti (Table I). The 
size of the hooks cannot be used, in the author’s opinion, as a diagnostic 
criterion owing to the overlap of the measurements found in dissimilar species; 
for example, E. hippoglossi’s third pair of hooks measure 0.095 to 0.122 mm. 
in length, those of E. curvunca 0.085 to 0.119 mm., but the shape differs as 
shown in Figs. 1B and 1C, which were drawn from specimens of the two 
species taken from the same host. 

Body size and shape are of little use in specific determination. In Table I] 
it will be seen that the measurements of any one species would fit into the 
prescribed limits of the other three. The diameter of the opisthaptor is a 
little more critical in that the smallest measurement for E. hippoglossi is 
larger than the largest diametric measurement of the other three; the latter, 
however, do overlap. The ratios of the mean length of the opisthaptor 
to the mean body length are inconclusive; the only major distinction is shown 
by E. hippoglossi with a 50% variation from the mean, the other three all 
falling within a 20% distribution. 

The only persistent specific characteristic is to be found in the shape of 
the hooks. Caution should also be used here as Brinkman (1) has indicated 
that allometric growth may supervene early in the development of the trema- 
tode E. squamula. The shape of the second and third pairs of opisthaptorial 
hooks is the primary criterion used to distinguish E. curvunca (Fig. 1C) 
from the other members of the genus. The curved roots of these appendages 
differ widely from those found in the other species, but the trematode, by 
virtue of its morphological similarities, cannot be raised above specific level. 
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STUDIES ON THE ANATOMY OF LYMNAEA HUMILIS SAY! 


Bruce M. McCraw? 


Abstract 


The topographic anatomy of Lymnaea humilis is described, giving the relative 
positions of the various internal organs. A description of the anatomy of the 
cephalic hemocoele is also given. Like Lymnaea stagnalis the central nervous 
system of L. humilis consists of the paired cerebral, buccal, pedal, pleural, and 
parietal ganglia and the unpaired abdominal ganglion. The nerves arising 
from the central nervous system are described and particular attention was 
devoted to the nerves arising from the pedal ganglia and innervating the foot; 
fourteen new nerves are named or described. The reproductive system of L. 
humilis is divided into: (a) the ovotestis and its duct, (b) the female system, 
and (c) the male system. In reproductively active snails, the female system 
is the largest of the three portions, and consists of the uterus, oothecal gland, 
vagina, and seminal receptacle. An accessory structure, the albumen gland, 
is very large in L. humilis. The male system consists of the upper and lower 
prostate, vas deferens, and male copulatory organ. The connections between 
the hermaphrodite duct and the male and female systems show considerable 
structural consolidation compared to these connections in L. stagnalis. The 
muciparous gland is not a distinct entity in L. humilis. 


Introduction 


In recent years, the anatomy of gastropods has received increased attention 
because certain of the internal structures are important in understanding 
the systematics of this group of molluscs. In his critical study of the Lym- 
naeidae, Hubendick (18) based much of his revision of this family on the 
size and shape of parts of the reproductive system. However, there is still 
evident need for comparative anatomical studies upon many of the Lymnaei- 
dae, as well as other Pulmonata. Moreover, a knowledge of snail morphology 
is essential in studying trematode life cycles, as it forms an important basis 
in the interpretation of the developmental stages of flukes. 

An excellent bibliography on snail anatomy is contained in the paper by 
Carriker (12) and only the more pertinent works will be mentioned here. 
The topographic anatomy of Lymnaea stagnalis appressa has been described 
by Carriker (12), who made an exhaustive study on the structure of the 
alimentary canal of this snail. The work of Carriker and Bilstad (13) on 
the histology of the digestive system of L. stagnalis is an extensive one. 

The nervous system of the Lymnaeidae has been studied by Lacaze Duthiers 
(21), Baker (5, 6), Bargmann (10), Elo (15), and most recently Carriker (12). 
One of the most thorough investigations into the nervous system of any 
pulmonate is that done by Schmalz (22) on Helix pomatia. Lacaze Duthiers’ 
paper (21) was the first extensive work dealing with the nervous system of 
the Lymnaeidae alone. He described the principal ganglia and nerve trunks 
of Lymnaea pereger and L. stagnalis. Elo (15) dealt particularly with the 
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ramifications of the main nerve trunks, especially those serving the penis, 
mantle, and intestine of L. stagnalis. He also attempted to homologize 
some of the principal nerves of L. stagnalis and H. pomatia. Although 
Carriker (12) was concerned primarily with the innervation of the alimentary 
canal of L. stagnalis, he also studied most of the remaining principal nerves. 
In general, the findings of these two authors agree reasonably well. However, 
Carriker (12) clarified the nomenclature of the central nervous system of 
L. stagnalis, basing as much as possible on the names used by former investi- 
gators. Carriker’s (12) system of nomenclature is used in the present study, 
except where new nerves are described. 

The gross morphology of the reproductive tract of Lymnaea has been studied 
by Baudelot (11) and Crabb (14), who also briefly mentioned the histology 
as did Klotz (20). The first accurate description of the reproductive system 
of L. stagnalis was given by Crabb (14). More recently, Holm (17), in his 
detailed histological studies, elaborated and clarified many of the functional 
aspects. The ovotestis (hermaphrodite gland) of L. stagnalis has been 
investigated by Archie (4) and the embryology of the reproductive system as 
a whole by Fraser (16). 

The reproductive system of members of the Planorbidae has been investi- 
gated by Baker (8), Hubendick (19), and also by Abdel-Malek (2, 3), who 
gave a brief but thorough coverage of the literature on these structures in 
other groups of Gastropoda. 

Some aspects of lymnaeid systematics, and, in particular, the position of 
Lymnaea humilis Say deserve special comment. Recently, Hubendick (18) 
questioned the extensive use of some morphological features in the taxonomy 
of the family Lymnaeidae. One of these is the shell, which shows great 
intraspecific variation. This variation is well exemplified in his biometric 
analysis of the shell Lymnaea peregra. Shell size and thickness, as well as 
zebrine coloration and the position of growth lines, do not possess taxonomic 
value because they are less dependent upon hereditary conditions than upon 
environmental factors. Another is the radula, the use of which as a key 
character is limited by the fact that divergences in its structure are generally 
so small that reliable observations are difficult to make. This is further 
complicated by the smallness of the radula itself. Previously, considerable 
importance has been attached to variations in the shell and radula (6, 7). 
However, the findings of Hubendick (18) indicate that extreme care is neces- 
sary in using these characters in the systematics of the Lymnaeidae. As a 
result of critical study, the following species recognized by Baker (6) have 
been linked by Hubendick (18) to Lymnaea humilis Say: doddsi Baker, 
umbilicata Adams, cyclostoma Walker, parva Lea, parva sterki Baker, owas- 
coensis Baker, pilsbryi Hemphill, ferruginea Haldeman, humilis modicella 
Say, humilis rustica Lea, obrussa Say, obrussa peninsulae Walker, obrussa 
exigua Lea, obrussa decampi Streng, galbana Say, and petoskeyensis Walker. 
Hubendick (18) was hesitant to link caperata Say with Lymnaea humilis. 
L. caperata is recognized as a pond or woodland pool inhabitant. 
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Material for the present study was collected in the region of Ann Arbor, 
Michigan, principally from two localities. Both were on the Raisin River. 
One was located 3 miles southeast of Clinton, at Newburg, in Lenawee County; 
the other 1 mile northwest of Clinton, in Washtenaw County. 


Materials and Methods 


For both gross anatomy and histological studies it was necessary to relax 
snails prior to preservation or fixation. Menthol crystals were found to be 
satisfactory for relaxation (1). Living snails were placed in a stender dish 
and powdered menthol crystals were spread over the surface of the water. 
Best results were obtained by then refrigerating the menthol-treated snails 
for 18 to 24 hours. At room temperature sufficient relaxation occurred in 
2 to 4 hours. However, at room temperature some menthol-treated snails 
occasionally died and the resultant degenerative changes made tissues unsatis- 
factory for sectioning. As soon as the snails failed to contract when placed 
in preservative or fixative they were judged to be sufficiently relaxed. 

A 10% aqueous solution of formaldehyde was the fixative used most fre- 
quently. Gilsons and Bouins were also used. The relaxed snails were 
placed directly into the fixative and transferred after 24 hours to 70% alcohol. 
The alcohol was changed again after 24 hours to obtain a more complete 
removal of formaldehyde. 

A Petri dish, partially filled with wax, served asa dissection tray. ‘Minuten- 
nadeln’, jeweller’s forceps, and standard laboratory equipment were used as 
dissecting instruments. Tiny scalpels were made from the ‘minuten-nadeln’ 
by grinding them down on a fine grade of stone. Both the needles and the 
scalpels were inserted into balsawood handles. Equal parts of glycerin and 
70% alcohol were used as a dissecting fluid for relaxed and preserved snails. 
This solution kept the tissues soft and easy to work. Relaxed living snails 
were also dissected. A few of these snails were raised in the laboratory; 
however, most were field specimens. These field snails were remarkably 
free of parasites. 

Serial sections of both the entire animal and individual organs were made 
to confirm the identification of dissected structures. Acid alcohol was used 
for the removal of the shell, and gas trapped under the mantle cavity was 
removed by vacuum pump. If the gas were not removed, inadequate infil- 
tration of wax resulted. Sections 8 or 10 to 50 w were made and these were 
stained with Harris’s hematoxylin and orange G and mounted in Canada 
balsam. 


Topographic Anatomy 


The description of the topographic anatomy of L. humilis (Figs. 1 to 6) is 
based upon that of a relaxed snail with the following shell dimensions: length 
10.2 mm.; greatest width 5.5 mm.; length of aperture 5.7 mm.; width of 
aperture 5.1mm. L. humilis of these dimensions has about five whorls and 
may be described as an ‘average’ size for a snail which has overwintered in 
the region of Ann Arbor, Michigan, and is 8 or 9 months old. 
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Fic. 1. L. humilis with the shell removed to show mantle pigmentation. Note the 


conspicuous bar of pigment parallel to the edge of the mantle. 


Fic. 2. 


Topographic features of L. humilis after removal of the shell. 
Mantle partly cut to show anal and mantle 


Fics. 2-4. 
Dorsal view with mantle cut. Fic. 3. 
cavity openings. Fic. 4. Lateral view of L. humilis. 

A.—first portion of the hermaphro- C.—third portion of the hermaphro- 
dite gland duct dite gland duct 
AB.G.—abdominal ganglion C.L.—commissural lobule 
ALB.G.—albumen gland CO.N.—columellar nerve 
ALB.G.D.—albumen gland duct C.P.N.—central pedal nerve 
AN.—anus DB.N.—dorsobuccal nerve 
AO.N.—aortic nerve DL.N.—dorsolabial nerve 
A.P.N.—anterior pedal nerve D.M.—dorsal mandible 
A.PL.N.—anterior pallial nerve E.—eye 
AUR.—auricle E.P.N.—external pedal nerve 
A.V.N.—anterior velar nerve F.—foot 
B.—second portion of the hermaphro- F.A.C.P.—first anterocentral pedal nerve 
dite gland duct F.G.P.—female genital pore 
BC.C.—buccocerebral connective F.L.P.P.N.—first lateroposterior pedal nerve 
B.G.—buccal ganglion F.N.—frontal nerve 
GIZ.—gizzard 


B.M.—buccal mass 
B.R.M.—buccal retractor muscle G.N.—gastric nerve 
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In a living LZ. humilis the color of the foot (F.) and body normally exposed 
beyond the rim of the aperture varies from light to dark gray. Occasionally 
the dorsum of the body is almost black. In a relaxed animal the length of 
the foot from the tip of the velum (VE.) to the most posterior part is 7.2 mm. ; 
the greatest width at the anterior end is 4.2 mm. The velum (Fig. 2) of L. 
humilis is prominent and the longitudinal mouth as well as part of the dorsal 
mandible (Fig. 6, D.M.) are on the mid-ventral surface of the velum. 


The eyes are located at the base of the triangular tentacles in the anterior 
angle, and measure about 100 yw in diameter (Figs. 2 and 4). The height 
from the base of the tentacle to its apex is approximately 0.85 mm. The 
length of the entire base is 1.9 mm. and the distance between the eyes is 
about the same. 

The male genital pore (Fig. 2, M.G.), situated at the base of the right 
tentacle in the posterior angle, is a longitudinal slit about 200 yu long. 

When the shell is removed, the mantle over the entire body whorl is found 
to be heavily pigmented but is windowed by circular areas where pigmentation 
is absent (Fig. 1). These areas vary in size but are generally smaller posteri- 
orly. Through these, the outlines of the organs beneath the mantle may be 
partly seen (Fig. 4). In the region of the pneumatopore, about 1.70 mm. 


H.D.B.—second portion of the hermaphro- PN.—pneumatopore 
dite duct PN.L.—pneumatopore lip 
H.D.C.—third portion of the hermaphro- P.P.N.—posterior pedal nerve 
dite duct PRE.—preputium 
IN.C.N.—inferior cervical nerve PRO.M.—protractor muscle of buccal mass 
IN.L.N.— inferior labial nerve P.V.N.—posterior velar nerve 
INT.—intestine REN.O.—renal organ 
I.P.N.—internal pedal nerve R.M.PRE.—retractor muscle of the prepu- 
I.PL.N.—internal pallial nerve tium 
L.—liver R.M.P.S.—retractor muscle of the penis 
L.A.M.—line of attachment of mantle to sheath 
y ' R.PL.N.—right pallial nerve 
LB.N.—laterobuccal nerve R.P.P.N.—right posterior pedal nerve 
L.IN.C.N.—lateral inferior cervical nerve S.A.C.P.—second anterocentral pedal 
L.L.—lateral lobule nerve 
L.M.—longitudinal muscle S.C.N.—superior cervical nerve 
L.P.G.—lower prostate gland S.D.—salivary duct 
L.PL.N.—left pallial nerve SE.R.—seminal receptacle (Fig. 4) 
L.R.CO.N.—lateral ramus of the columellar S.G.—salivary gland 
nerve S.L.N.—superior labial nerve 
L.S.C.N.—lateral superior cervical nerve S.L.P.P.N.—second lateroposterior pedal nerve 
L.V.N.—lateral velar nerve S.N.—salivary nerve 
MA.—mantle SPL.N.—splanchnic nerve 
M.G.—male genital pore S.R.—seminal receptacle (Figs. 10, 13) 
M.IN.C.N.—medial inferior cervical nerve S.R.D.—duct of the seminal receptacle 
M.PL.N.—median pallial nerve TEN.—tentacle 
M.S.C.N.—medial superior cervical nerve TE.N.—tentacular nerve 
M.V.N.—medial velar nerve U.P.G.—upper prostate gland 
OE.—esophagus UT.—uterus 
O.G.—éothecal gland VA.—vagina 
OP.N.—optic nerve VB.N.—ventrobuccal nerve 
OT.N. —optotentacular nerve V Dineen 
PE.G.—pedal gangiion a a 
PE.N.—penial nerve _VE.—velum 
PE.S.—penis sheath VEN.—ventricle 
P.G.—parietal ganglion VL.N.—ventrolabial nerve 
PL.G.—pleural ganglion VPL.N.—ventropallial nerve 
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above the edge of the mantle, is a bar of pigment, a constant feature in L. 
humilis found in the region of Ann Arbor (Fig. 1). This bar of pigment runs 
approximately parallel to the edge of the mantle and is about 2.75 mm. long 
and 0.75 mm. wide. 

The pneumatoporal (or pneumostomal) lip (PN.L.) is under the mantle 
at the right posterior edge near the tip of the aperture of the shell (Fig. 3). 
On its lateral surface is the pneumatopore (PN.), the more or less vertical 
(to the edge of the mantle) opening of the lung; the anus (AN.) is posterior 
to it. The length of the pneumatoporal lip at its base is 1.55 mm. The 
pneumatopore is the only opening into the mantle cavity. 

The female genital pore (F.G.P.) is a longitudinal slit about 400 uw long 
under the lip of the pneumatopore (Fig. 12). It is borne on a distinct oval 
mound of tissue. Occasionally, in sufficiently cleared specimens, the vas 
deferens is visible as a narrow tube running through the hemocoele wall 
between the male and female pores. 
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Fic. 5. Dorsal view of the cephalic hemocoele of L. humilis. 
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Fic. 6. Ventral view of the cephalic hemocoele of L. humilis. Part of each posterior 
pedal nerve is not shown (beyond the leader to ‘M.PL.N.’) as well as all of each colu- 
mellar nerve. 

The body cavity of Lymnaea has been accurately defined by Carriker (12) 
and is divided into the cephalic and visceral hemocoeles and the lung. The 
cephalic hemocoele lies within the head and neck regions. The visceral 
hemocoele is placed dorsal and posterior to the cephalic hemocoele and ventral 
to the lung and lies within the shell. The cervical septum, an extension of 
the diaphragm, separates the cephalic and visceral hemocoeles (12). 

Beneath the mantle on the left side the outlines of several organs may be 
seen (Fig. 4). The distinctness of these outlines varies with the degree of 
mantle pigmentation. The ventricle (VEN.) and auricle (AUR.) of the 
heart are usually easily discernible as is the seminal receptacle (SE.R.) which 
lies mostly under the heart. The seminal receptacle is bright orange in the 
living snail. The broad, flat, creamy-white kidney or renal organ (REN.O.), 
posterior to the heart, is attached to and crosses the mantle transversely to 
the pneumatopore. Its general outline is visible through the mantle. A 
small extension of the kidney reaches ventrad between the ventricle and the 
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voluminous albumen gland (ALB.G.). The kidney is exceedingly friable in 
the living snail, disintegrating into flocculi if manipulated roughly. Dorsal 
to the albumen gland the outline of part of the uterus (UT.) can be seen. 
The lung lies dorsal to the uterus and is devoid of accessory respiratory 
structures as in Lymnaea stagnalis (Carriker (12)). 

The principal features of the cephalic hemocoele are shown in Figs. 5 and 6. 
The greatest length of the cephalic hemocoele is approximately 4.5 mm. 
The floor of the hemocoele is gently rounded from side to side and the pos- 
terior portion of the floor narrows and slopes in a posterodorsal direction 
towards the cervical septum making an angle of about 60 degrees with the 
ventral surface of the foot. Strong longitudinal muscles (L.M.), which 
converge posteriorly under the lower prostate (L.P.G.) and 6othecal glands 
(O.G.) to form the columellar muscle, define the walls of this cavity. These 
muscles extend to both sides of the buccal mass. The expansive arched 
roof of the cephalic hemocoele extends anteriorly from the line of attachment 
of the mantle to the body wall. The muscles of the roof arise as a common 
sheet but soon separate into six broad, flat bands, three on either side of the 
middorsal line. The posterior pair pass lateroventrad and become continuous 
with one another on the floor of the cephalic hemocoele where they lie trans- 
versely. The central pair extend anterolaterad, and the anterior pair extend 
anteriad, lateral to the buccal mass. These muscles line the roof of the 
cephalic hemocoele internally and pass internal to the longitudinal muscles 
which form the walls of the cephalic hemocoele. Only in well-cleared animals 
are they visible externally. 

The anterior part of the cephalic hemocoele is occupied by the pear-shaped 
buccal mass (B.M.). It is a light orange-red in the living snail. The pro- 
minent buccal retractors (B.R.M.), which arise in the columellar muscle, 
insert on the lateral surfaces of the buccal mass. The delicate capitocerebral 
membrane, which is peppered with pigment, surrounds the buccal mass as it 
does in Lymnaea stagnalis (12), screening this organ from the rest of the cephalic 
hemocoele. The large preputium (PRE.) occupies the right central portion 
of the cephalic hemocoele. 

Posterior to the ganglia of the central nervous system are the salivary 
glands (S.G.), which mostly flank the esophagus (OE.) on either side. Two 
thick salivary ducts (S.D.) lead from the glands into the dorsum of the buccal 
mass. The esophagus bends slightly to the left in the cephalic hemocoele, 
penetrates the cervical septum, and turns ventrad, passing beneath the 
albumen gland. The esophagus is fairly heavily pigmented, especially in its 
posterior part. It is followed by the crop and the bright, orange-red, bilobed 
gizzard (Fig. 4, GIZ.), both of which are ventral to the albumen gland. The 
pylorus, leading from the gizzard, turns anteriad around the right lobe of the 
gizzard. The alimentary canal continues as the intestine (Figs. 2 and 4, 
INT.), which turns sharply posteriad, ventral to the esophagus and crop, 
and follows a course along the left ventral margin of the albumen gland. 
It then angles sharply to the right and makes a gradual loop upon itself in 
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the liver (Fig. 2, L.) where it passes superficially into the liver tissue and 
becomes less distinctly outlined. It continues towards the right along the 
edge of the mantle beneath the suture of the body whorl. The intestine 
merges into the short rectum which terminates in the anus (Fig. 3, AN.). 


The Nervous System 


The central nervous system of L. humilis consists of the paired cerebral 
(C.G.), buccal (B.G.), pedal (PE.G.), pleural (PL.G.), and parietal ganglia 
(P.G.) and the unpaired abdominal ganglion (AB.G.) (Figs. 5 to 9). The 
cerebral ganglia lie dorsolateral to the esophagus and are joined by a stout 
connective; the pedal and parietal ganglia and the abdominal ganglion are 
ventral to the esophagus. The pleural ganglia are lateral and the buccal 
ganglia are nestled under the esophagus at its junction with the buccal mass. 
The buccal ganglia are obscured from view dorsally by the thick salivary 
ducts but are partially visible from the ventral aspect (Figs. 6 and 8). With 
exception of the pedal connective, which is delicate and seen ‘oniy with diffi- 
culty, the connectives between the remaining ganglia are stout and conspic- 
uous. The width of the cerebral ganglia and connective, measured from the 
dorsal aspect, is about one millimeter. The greatest length of a cerebral 
ganglion is approximately 400 uw and of the abdominal ganglion, 300 wu. 
The pedal ganglia and the right parietal ganglion, which is markedly larger 
than the left, are about equal in length to the abdominal ganglion. The 
remaining ganglia are smaller; the smallest are the buccal ganglia which are 
about 200 yu in length. 


Fics. 7 and 8. Nerves of the foot and buccal mass of L. humilis. Fic. 7. The 
peeps nerves arising from the pedal ganglia and innervating the foot of L. humilis. 

1G. 8. Lateral view of the main nerves supplying the buccal mass and alimentary canal 
of L. humilis. 
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Fic. 9. Diagram of a dorsal view of the nerves arising from the ganglia of the centra 
nervous system of L. humilis. The pedal ganglia are separated and the complete number 
of pedal nerves is shown for the right pedal ganglion only. 

Each cerebral ganglion has two lobules projecting from its surface, the 
commissural lobule (C.L.) and the lateral lobule (L.L.) (Fig. 5). The lateral 
lobule is similar to the ‘lobule de la sensibilité spéciale’ of Lacaze Duthiers 
(21), which he described for Lymnaea pereger and L. stagnalis. The superior 
lobule which Lacaze Duthiers (21) figured for the same two species is not a 
distinct entity in L. humilis. The capitocerebral membrane which envelops 
the buccal mass surrounds the ganglia of the central nervous system. The 
nerve trunks passing from them are covered proximally. In L. humilis this 
membrane also surrounds the ganglia internally, as well as externally, separ- 
ating them from direct contact with the esophagus. 

The ganglia of the central nervous system circle the esophagus loosely so 
that when the buccal mass is retracted by the buccal retractors, the esophagus 
is able to accommodate accordingly in a posterior direction. 


Cerebral Ganglia (Figs. 5, 6, 9) 

In L. humilis the optic (OP.N.) and tentacular nerves (TE.N.) are branches 
of a long common trunk, here named the optotentacular nerve (OT.N.). 
In L. stagnalis this common trunk is short (12). The optotentacular nerve 
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arises close to the lateral lobule of each cerebral ganglion and divides into 
the delicate optic nerve and the posterior, thicker tentacular nerve. The 
optic nerve can be traced to the eye with relative ease. It passes into the 
anterior muscles of the roof of the cephalic hemocoele. As it enters the base 
of the tentacle, the tentacular nerve divides into anterior and posterior 
branches. Occasionally the anterior branch sends off a small nerve near the 
point of division of the two main branches. 

The superior labial nerve (S.L.N.) arises dorsal to the inferior labial nerve 
(IN.L.N.) and gives rise to the frontal nerve (F.N.) and then passes super- 
ficially into the hemocoele wall lateral to the buccal mass as the dorsolabial 
nerve (DL.N.), which divides into two branches terminally. The inferior 
labial nerve gives rise to the anterior and posterior velar nerves (A.V.N., 
P.V.N.) and continues as the ventrolabial (VL.N.), which terminates ventro- 
lateral to the dorsal mandible in a slight bulb. At this point it branches 
into three delicate nerves that can be traced only a very short distance. 
For the most part, the ventrolabial nerve passes only superficially into the 
wall of the cephalic hemocoele. The superior labial nerve generally runs 
dorsal to the longitudinal muscles of the wall of the hemocoele and the in- 
ferior labial generally ventral to them. 

The origin of the velar nerves of L. humilis varies and this has been partic- 
ularly observed on the right side. The anterior and posterior velar nerves 
may arise as separate nerves from the inferior labial, the anterior arising at a 
level midway between the anterior and posterior ends of the buccal mass, 
the posterior at a level near the junction of the esophagus and the buccal 
mass. The nerve may also arise from a common trunk which divides immedi- 
ately. This trunk is usually located near the junction of the esophagus and 
buccal mass. 

The buccocerebral connectives (BC.C.) arise ventral to the inferior labial 
nerve uniting the buccal and eerebral ganglia. 

The penial nerve (PE.N.) is a branch of the right inferior labial nerve and 
innervates the preputium branching several times. A small branch of the 
penial nerve passes to the anterior penial retractor muscle. 


Buccal Ganglia (Figs. 8, 9) 

These ganglia are joined by the small buccal connective, and send out the 
principal nerves innervating the greater part of the alimentary canal (12). 
The nerve supply of the alimentary canal has been thoroughly worked out 
for L. stagnalis by Carriker (12). As in L. stagnalis six main nerve trunks 
arise from these ganglia: the paired ventrobuccal (VB.N.), laterobuccal 
(LB.N.), dorsobuccal (DB.N.), salivary (S.N.), and gastric nerves (G.N.) 
and the unpaired postbuccal nerve arising from the buccal connective (Fig. 8). 
Their distribution, as far as could be traced, is the same as in L. stagnalis. 


Pleural Ganglia (Figs. 6, 9) 
These ganglia give rise to no nerves. 
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Parietal Ganglia (Figs. 5, 6, 9) 

The left pallial nerve (L.PL.N.), the only nerve arising from the left 
ganglion, passes posterodorsad and penetrates the posterior part of the roof 
of the cephalic hemocoele where it divides twice and occasionally three 
times. The right pallial nerve (R.PL.N.), which is the stoutest nerve of 
the central nervous system of L. humilis, also passes in a posterior direction 
dorsal to the vagina, the duct of the seminal receptacle, and the vas deferens 
(Figs. 5 and 6). The anterior pallial nerve (A.PL.N.) arises ventral to the 
right pallial and remains within a common sheath surrounding both these 
nerves to near the point where the anterior pallial nerve connects with the 
median pallial nerve (M.PL.N.). 


Abdominal Ganglion (Figs. 6, 9) 

The ventropallial nerve (VPL.N.) arises from the left side of the abdominal 
ganglion and passes back beneath the esophagus through the cervical septum 
and penetrates the longitudinal muscles of the left side near their junction 
with those of the right (to form the columellar muscle) (Figs. 5 and 9). 

The splanchnic nerve (SPL.N.) arises dorsal to the median pallial nerve 
and follows a course and gives rise to branches in a manner similar to L. 
stagnalis (12) (Figs. 5, 6, and 9). The median pallial nerve from the abdom- 
inal ganglion unites with the anterior pallial from the right parietal ganglion 
and forms the internal pallial nerve (I.PL.N.), which passes ventral to the 
vas deferens and vagina (Figs. 5 and 9). Where the median pallial and 
anterior pallial nerves unite there is a small swelling, and a delicate nerve 
arises from it and passes to the body wall. The aortic nerve (AO.N.), a 
small and delicate nerve, follows a course similar to L. stagnalis (12) and 
passes along the cephalic artery (Fig. 9). 

Elo (15) figured four nerves arising from the abdominal ganglion,—an 
intestinal nerve, a genital nerve, a cutaneous pallial nerve, and an anal nerve. 
The intestinal nerve is apparently the splanchnic nerve of Carriker (12) and 
is recognized as such here. Elo (15) renamed the aortic nerve (which re- 
mains unchanged in Carrikers’ (12) work) the genital nerve because he main- 
tained that it supplied the seminal receptacle. As far as could be determined, 
the aortic nerve does not innervate the seminal receptacle of L. humilis. 
According to Elo (15) the cutaneous pallial nerve serves a small region of the 
mantle. A corresponding nerve was not found in L. humilis. The anal 
nerve of Elo appears to be the median pallial nerve of Carriker (12) and the 
present study. 


Pedal Ganglia (Figs. 6, 7, 9) 

The paired pedal ganglia of L. humilis function primarily in the control of 
locomotion. The innervation of the foot of lymnaeid snails has not received 
as much attention as other structures of these snails. Lacaze Duthiers (21) 
and Elo (15) described the main trunks of the pedal ganglia (the former 
author in L. stagnalis and L. pereger; the latter in L. stagnalis only) but do 
not follow their detailed ramifications. The pedal nerves were not dealt 
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with by Carriker (12). Both Lacaze Duthiers (21) and Elo (15) described 
six pairs of nerves arising from the pedal ganglia of L. stagnalis: the columellar 
nerves, superior cervical nerves, inferior cervical nerves, and the superior 
pedal, inferior pedal, and intermediate or median pedal nerves. The superior, 
inferior, and median pedal nerves are better named the anterior (A.P.N.), 
posterior (P.P.N.), and central pedal nerves (C.P.N.) because they are 
primarily oriented in an anteroposterior direction in the foot (Figs. 7 and 9). 
Schmalz (22) described 15 pairs of nerves arising from the pedal ganglia of 
H. pomatia. 
Elo (15) homologized the pedal nerves of H. pomatia and L. stagnalis in 

the following way: 

Lymnaea stagnalis Helix pomatia 

N. cervicalis superior N. cutaneus pedalis primus 

N. cervicalis inferior N. cutaneus pedalis secundus 

N. columellaris N. cutaneus pedalis tertius 

N. pedalis superior, medius, and N. musculi pedali 1-XI 

inferior 


The ‘nervus arteriae pedalis anterior’ and ‘posterior’ of Schmalz (22) were 
not homologized by Elo (15). 

In this study an attempt has been made to trace the innervation of the 
foot of L. humilis as far as possible. The paired pedal ganglia of L. humilis 
each give rise to six main nerve trunks; the anterior (A.P.N.), central (C.P.N.), 
and posterior pedal nerves (P.P.N.); the superior (S.C.N.) and inferior 
cervical nerves (IN.C.N.), and the columellar nerve (Figs. 7 and 9). In 
the present study, 13 newly named or described branches of these six main 
trunks are given. 

The anterior pedal nerve arises from the ventral, anterior portion of the 
pedal ganglion and proceeds anteroventrad dividing immediately posterior 
to the buccal mass into the internal (I.P.N.) and external pedal nerves 
(E.P.N.). Both these nerves pass into the floor of the hemocoele lateral to 
the buccal mass. The internal pedal nerve divides into two nerves of approxi- 
mately equal size, the medial (M.V.N.) and lateral velar nerves (L.V.N.), 
which pass into the velum. The anterior pedal nerve is ventral to the inferior 
labial nerve. 

The central pedal nerve takes its origin from a ventrolateral aspect, and, 
near the wall of the hemocoele sends a small branch, the first anterocentral 
pedal nerve (F.A.C.P.), through the floor of the hemocoele into the foot. 
The central pedal continues laterad and gives rise to a second nerve which 
passes anteriad, the second anterocentral pedal nerve (S.A.C.P.). Turning 
slightly posteriad, the central pedal continues almost to the edge of the foot. 

From its ventroposterior origin, the stout posterior pedal nerve passes 
directly posteriad and disappears into the posterior part of the floor of the 
cephalic hemocoele. Before disappearing, a lateral branch arises from it, 
the first lateroposterior pedal nerve (F.L.P.P.N.). This nerve curves laterad. 
The posterior pedal nerve continues posteriad and a second nerve, the second 
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lateroposterior pedal nerve (S.L.P.P.N.), arises from it and proceeds in a 
manner similar to the first. Beyond the second lateroposterior pedal nerve, 
the posterior pedal curves slightly mesiad and then disappears in the tissues 
of the foot. Throughout its course, the posterior pedal runs approximately 
parallel to the ventral surface of the foot. 

The superior cervical nerve arises between and dorsal to the anterior and 
central pedal nerves and divides into two nerves, the medial (M.S.C.N.) 
and lateral superior cervical nerves (L.S.C.N.), which penetrate the longitu- 
dinal muscles of the cephalic hemocoele wall through a distinct elongate 
slit (Figs. 6, 7,and 9). The superior cervical nerve passes laterad and antero- 
dorsad. 

The inferior cervical nerve originates near the pleuropedal connective and 
also penetrates the longitudinal musculature through a conspicuous longitu- 
dinal slit. It runs posterolaterad. Lacaze Duthiers (21) described this 
nerve in L. stagnalis as furnishing branches which extend as far as the junction 
of the mantle with the body. Immediately after leaving the cephalic hemo- 
coele, the inferior cervical nerve divides into the medial (M.IN.C.N.) and 
lateral inferior cervical nerves (L.IN.C.N.) (Figs. 7 and 9.) 

The columellar nerve (CO.N.) arises dorsomedial to the posterior pedal 
and disappears into the musculature of the posterior wall of the hemocoele. 
It gives rise to a small lateral branch, the lateral ramus of the columellar 
nerve (L.R.CO.N.). The general distribution of the columellar nerve of 
L. humilis agrees with that found by Lacaze Duthiers (21) in L. stagnalis 
and L. pereger. The columellar nerve described here must not be confused 
with the columellar nerve of Carriker (12). This columellar nerve is a branch 
of the splanchnic nerve (which arises from the abdominal ganglion) and 
passes over the columellar muscle (12). However, the paired columellar 
nerves of Lacaze Duthiers (21) are appropriately named for they pass into 
the musculature of the posterior wall of the cephalic hemocoele of L. humilis 
at the point where the longitudinal muscles of the lateral walls of the cephalic 
hemocoele converge to form the columellar muscle. 


Reproductive System 


As in other Lymnaeidae (14, 17, 9) the reproductive system of L. humilis 
is divided into three portions: (1) the ovotestis and its duct, (2) the female 
system, and (3) the male system (Figs. 10 to 15). The female system consists 
of the oviduct, which is much reduced in L. humilis, the uterus (UT.), the 
dothecal gland (O.G.) of Holm (17), and the vagina (VA.). The mass mem- 
brane gland of Crabb (14) constitutes part of the Gothecal gland of Holm (17). 
Described as accessory glands in L. stagnalis by Holm (17) are the albumen 
gland (ALB.G.), which is very large in L. humilis, the muciparous gland, 
and the seminal receptacle (S.R.). The muciparous gland is the egg mem- 
brane gland of Crabb (14) and the nidamental gland of older authors. The 
muciparous gland is not a distinct entity in the gross morphology of L. humilis. 
The seminal receptacle is closely associated with the left posterior portion 
of the dothecal gland and is visible topographically under the heart (Fig. 4). 
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Fics. 10-13. The reproductive system of L. humilis. Fic. 10. Dorsal view of the 
reproductive system. Fic. 11. The junction of the uterus, albumen gland duct, third 
portion of the hermaphrodite duct, and upper prostate gland. Fic.12. The location of 
the female genital pore. Fic. 13. Ventral view of the reproductive system. 


OVOTESTIS 


Fics. 14-15. The reproductive system of L. humilis. Fic. 14. The ovotestis 
partly dissected from the liver. Fic. 15. The hermaphrodite duct, and ovotestis, show- 
ing its lobulated structure. 
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The principal structures of the male reproductive tract are the prostate 
(U.P.G., L.P.G.), the vas deferens (V.D.), and the large copulatory organ 
(PRE., PE.S., Figs. 5 and 6). The vas efferens is considered absent in L. 
humilis. 

In reproductively active snails the female system is by far the larger of 
the two systems and completely obscures the prostate from dorsal view. 
Most of the prostate is confined to the mid-ventral surface of the dothecal 
gland. Asin L. stagnalis the two systems are closely apposed to one another 
along their length except at their external outlets. The dothecal gland and 
part of the uterus are more or less centrally located but the remaining portion 
of the female tract is on the left side of the body. 

The 6othecal gland is directed from the left side toward the right tentacle 
and makes an angle of about 35 degrees with the left edge of the foot. The 
columellar muscle is approximately ventral to the anterior portion of the 
dothecal gland but gradually is situated under the right posterior portion of 
this gland. 

The ovotestis (or hermaphrodite gland) (Figs. 14 and 15) is an elongate 
gland, embedded in the columellar surface of the liver. It is yellow in color 
and externally it is irregularly lobulated into about 25 lobules. In L. stag- 
nalis it is said to be a dichotomously lobulated sac composed of about 100 
lobules which are separated from the liver lobules by loose connective tissue 
and blood spaces (4). The ovotestis begins about the middle of the second 
whorl. It is dissected out of the liver with relative ease. 

The hermaphrodite duct arises from the central columellar surface of the 
ovotestis; in live specimens it is yellow in color. This duct is divided into 
three distinct parts (Fig. 15). The first (A.), a portion of which lies within 
a short but rather deep sulcus in the ovotestis, is narrow and tapers gradually 
to the second or vesicular part. In relaxed and fixed material it is usually 
elbowed. The transition between the first and second parts is abrupt. This 
portion (B.) is wide and flat and is usually looped upon itself two or three 
times. It has about 20 diverticula, which, because they are almost always 
filled with spermatozoa, are sometimes called seminal vesicles. The vesic- 
ular portion merges into the third division (C.) which is a long narrow tube 
that passes under the ventral surface of the albumen gland and turns dorsad 
disappearing between this gland and the uterus—dothecal gland complex. 

The hermaphrodite duct becomes very fine and hair-like at its distal end 
(Fig. 13, H.D.C.). Repeated dissections have shown that it terminates in a 
small bulbous expansion which joins with the short, stout, pigmented albumen 
gland duct (ALB.G.D.), which in turn is united with the upper prostate 
(U.P.G.) and the beginning of the uterus (UT.) (Fig. 11). This arrangement 
is quite different from that in L. stagnalis where the hermaphrodite duct 
bifurcates into an oviduct, and a thin, short, vas efferens (14, 17), which 
passes to the prostate gland. According to Holm (17) in L. stagnalis the 
albumen gland duct passes into a translucent finger-like vesicle which opens 
at its base into the coiled uterus. The oviduct passes dorsally around the 
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base of this vesicle and is divided into two branches. One opens into the 
cavity of this vesicle and the other opens into the uterus. The small ex- 
pansion at the end of the hermaphrodite duct in L. humilis may represent a 
fusion of the divided oviduct and vas efferens of L. stagnalis. In L. humilis, 
there is no evidence of a vesicle to which the albumen gland duct is connected 
as in L. stagnalis. Such structural consolidation is understandable in L. 
humilis since it is usually not more than one quarter the length of L. stagnalis. 

The uterus is a white, loosely-coiled, saccular structure which surrounds 
the posterior portion of the G6othecal gland and upper prostate. A membrane 
stretches between the coils of the uterus making it difficult to uncoil it. In 
gross dissection, there is no evidence of a muciparous gland which can be 
distinguished from the saccular uterus as in L. stagnalis (17). According to 
Holm (17) the muciparous gland functions to embed eggs in a mucous matrix 
within the egg mass. 

The uterus merges into the éothecal gland, which, with the exception of a 
very short, upper narrow portion, is a stout organ in L. humilis whose sides 
are more or less parallel. In L. stagnalis the upper portion of the dothecal 
gland is a translucent cylindrical tube of some length while the lower portion 
is pear-shaped (14, 17). Transverse striae are present externally on this 
gland, as in L. stagnalis. 

The vagina (VA.) arises from an elongate promontory on the anteroventral 
surface of the dothecal gland. The vagina is relatively broad and opens 
through the right wall of the cephalic hemocoele (Fig. 12). The position 
and shape of the pore have already been described. Where the duct of the 
seminal receptacle (S.R.D.) passes into the anterior face of the vagina there 
is usually a slight swelling. The duct of the seminal receptacle passes diagon- 
ally across the ventral surface of the 6othecal gland and is partly obscured 
ventrally by the lower prostate. The duct is thread-like and the seminal 
receptacle is pear-shaped and a bright orange in the living snail. 

The narrow, upper portion of the prostate (U.P.G.) is about twice the length 
of the lower bulbous part (L.P.G.). The upper prostate is yellow and the 
lower white in the living snail. The upper region is a long oval or flat tube 
which tapers somewhat as it merges into the lower portion which is occasionally 
heavily pigmented. 

The vas deferens (V.D.) is broad at first but gradually narrows as it ap- 
proaches the right body wall, which it penetrates anterior to the vagina 
(Fig. 5). It slopes slightly ventrad within the wall of the cephalic hemocoele 
and emerges slightly posterior to the male genital pore and follows a winding 
course until it continues into the penis sheath. Proportionately, it is shorter 
than that of L. stagnalis. 

The penis sheath (Fig. 5, PE.S.) is about equal in length to the muscular 
preputium (PRE.). The preputium is always broad and square-shouldered 
where it receives the penis sheath. Near the genital pore several bands of 
muscle act as protractors of the preputium and a similar group near the penis 
sheath serve as retractors. This arrangement is similar to that in L. stag- 
nalis (17). 
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RADIOPHOSPHORUS METABOLISM IN ZOOPLANKTON 
AND MICROORGANISMS! 







EUGENE HARRIS? 






Abstract 


The exchange of radiophosphorus between water on the one hand and Artemia, 
Gammarus, and microorganisms on the other was observed. Results are 
expressed as turnover time, which is related to the rate at which phosphorus 
moves back and forth, being defined as the time required for as much material as 
is present to enter or leave a phase of the system. 7; for Artemia is 14 hours; 
for Gammarus 43 hours; the equilibrium between organic and inorganic phos- 
phorus in the presence of microorganisms has a T; of 19 hours. In Gammarus 
there is a lag period of a few hours before they reach a maximal uptake rate. 
Gammarus, treated with terramycin to kill bacteria, do not remove appreciable 
quantities of radiophosphorus from water. Evidently they must acquire their 
phosphorus from particulate matter, such as bacteria. 















Coffin et al. (2) added radiophosphorus to the Punchbowl, a small acid 
bog lake west of Halifax. It was found that the ratio of the maximum count 
per wet weight of zooplankton to maximum count for the same quantity of 
lake water was 40,000. A comparison of the rates of turnover of ®P showed 
that algae and sponges equilibrated most rapidly, from 40 to 50 times faster 
than zooplankton. However, zooplankton did take up large quantities of 
®P surprisingly quickly after its addition to the water. This raised the 
question of the mechanism of #®P absorption by zooplankton. Do they 
obtain a large quantity of their phosphorus by direct absorption through 
their body walls, gills, and intestines, or must they obtain it in organic combi- 
nation in their food? In the present paper an attempt is made to answer this 
question. 

A striking feature of limnology is the small amount of reliable data on the 
quantitative part played by bacteria in lake metabolism. A summary of our 
knowledge of bacteria as food for other organisms is found in Welch (17). 
He says, ‘‘Many of the Protista (Protophyta and Protozoa) devour bacteria. 
The same seems true of the metazoan mud feeders and of some of the higher 
plankton organisms. Beyond these bare facts, far too little is known about 
this relation in water. Few quantitative data are available’”’. 

The addition of radioactive phosphorus, “P, to lake waters has shown 
that a lake is not, as one might think, a body of water containing nutrients 
but an equilibrated system of water and solids, in which, under ordinary 
conditions, most of the nutrients are in the solids (Hayes et al. (5)). These 
authors have set up an equation to describe the phosphorus equilibrium 
between water and solids, from which the turnover times of the two phases 
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are derived. Turnover times are related to the rate at which phosphorus 
moves back and forth between the solids and water. For water the turnover 
time ranged from a few days to a month in several lakes tested, and the former 
was 5 to 10 times that of water. The experiments described below were 
laboratory tests on several aquatic organisms and from them the turnover 
times for these ‘‘solids’’ are calculated. Radiophosphorus was added to 
water and its uptake by the living material was followed, being described by 
the equation 


Ac = Aca (1 — e-*/7) 


where Ac is the activity (counts of °P per g. fresh weight per minute) at any 
time, ¢, and Ac. is the final activity reached. TJ is a number which is sought 
as an intermediary on the way to the estimation of the turnover time, 7;. 
In practice a straight line is obtained when log(Ac.—Ac) is plotted against 
time, the equation being 


log(Ac.—Ac) = log Ac. — (0.4343 t/T). 


An example of the solution for T; is given in a later section. 


Materials and Methods 


The brine shrimp, Artemia, was used in the first experiment because of the 


anticipated ease with which it may be cultured, and its close resemblance 
in size and feeding habits to many crustaceans found in lakes. The animals 
were reared from eggs, hatched in Halifax sea water, and fed on yeast, supple- 
mented in later cultures by a little Ulva or Chlamydomonas. 

Another test animal was the familiar seashore sandhopper or beach flea, 
Gammarus locusta, which was collected under stones and in seaweed in the 
North West Arm, Halifax. It is an amphipod crustacean. Specimens were 
kept in a cold room at about 4° C. in a slanted aquarium so one end was out 
of the water. With only a little mud, stones, and fragments of seaweeds in 
the aquarium, the animals live 2 or 3 months without attention. 

Experiments were also conducted with the fresh-water gammarid, Hyalella, 
collected from lakes. It was found, however, that cannibalism was common 
among the specimens in the test beakers, and this made it impossible to get 
reliable results on phosphorus exchange with the water. Results on this 
animal are therefore omitted. 

Artemia was probably more suitable than marine Gammarus for the experi- 
ment because of its smaller size (12 mm. long) and its continuous movement 
and filtering of food from the water. Gammarus would lie quiescent for long 
periods. In addition, Gammarus is a littoral genus accustomed to spending 
the low tide intervals out of water. 

Upon removal of the specimens from the radioactive solution, excess water 
was immediately removed from them with filter paper, and they were rapidly 
weighed. They were then frozen with liquid carbon dioxide. Extraction of 
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acid soluble phosphorus was carried out in a refrigeration room at 3°-5° C. 
The method used was similar to that of McCarter and Steljes (12) based on 
that of LePage and Umbreit. Frozen specimens were ground to a powder 
with agate or glass mortar and pestle. One to two milliliters of 10% tri- 
chloroacetic acid was added to the powder and ground to form a homogenate. 
A medicine dropper was used to transfer the homogenate to a 12 ml. centrifuge 
tube. The mortar, pestle, and medicine dropper were washed successively 
with small portions of the trichloroacetic acid which were added to the 
centrifuge tube until it reached the 10 ml. mark. The homogenate was 
centrifuged and the supernatant fluid transferred to a 50 ml. volumetric 
flask. In order to wash the residue it was suspended three times in 10-ml. 
portions of trichloroacetic acid, the supernatants being added to the volumetric 
flask. Finally the volumetric flask was made up to the mark with trichloro- 
acetic acid. 

The residue was dissolved in 5 ml. of concentrated nitric acid with gentle 
heating. It was then transferred to a 100 ml. Kjeldahl flask to be digested. 
Whole animals and aliquots of the trichloroacetic acid extract were also 
digested in Kjeldahl flasks. Digestion was carried out using a modification 
of King’s method (8). After partial digestion with concentrated nitric acid 
the flask was allowed to cool slightly, 0.2 ml. of 72% perchloric acid was 
added, and digestion was completed. After the flask had cooled, its contents 
were quantitatively transferred to a 25 ml. volumetric flask made up with 
distilled water. 

Inorganic radioactive phosphorus was determined by a method developed 
by McCarter and Steljes (12). Ten milliliters of the trichloroacetic acid 
extract were transferred to a 40 ml. conical centrifuge tube. A sufficient 
volume of a solution of potassium dihydrogen phosphate was added to bring 
the total *!P in the sample up to 1.0-1.2 mg. and then 1 ml. of concentrated 
perchloric acid and 2 ml. of 50% saturated ammonium nitrate were added. 
The mixture was stirred by agitating the tube, which was then placed in a 
water bath at 80°C. for 10 minutes. Five milliliters of 5% molybdic acid 
reagent of Willard and Diehl (19) was added slowly with agitation. The tube 
was allowed to stand at room temperature for 1 to 2 hours with occasional 
mixing. A small portion of the precipitate was found to float on the surface 
of the liquid and this was sunk with aerosol or ethyl alcohol. After the 
precipitate had been collected by centrifugation it was washed twice in 10 ml. 
portions of 1 :50 nitric acid, the supernatant liquids being discarded. For 
collection of the precipitate, disks of Whatman No. 50 filter paper were 
ringed with a wax pencil to prevent precipitate from creeping over the edges. 
The disks were placed on a sintered glass filter and the precipitate collected by 
suction as the suspension was dropped on from a medicine dropper. The 
precipitate was washed with ethyl alcohol followed by a dilute solution of a 
synthetic resin, Hypalon P-4, dissolved in acetone. The disk was glued to 
a counting tray with rubber cement. Tests showed that no correction for 
self-absorption of radiation was necessary. 
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Radiophosphorus was obtained from the Chalk River Laboratory in the 
form of carrier-free phosphate. One milliliter lots containing 1 mc. *P were 
diluted to 100 ml. and, in order to prevent bacterial growth in the solution, 
were kept overnight in an oven at 95°C. Each beaker in an experiment 
contained about 0.001 mc. of the “P and at no time did the animals show 
harmful effects from the radioactivity. 

Samples were prepared for measurement of their activity by evaporation 
of 1 ml. duplicates of the test solution in a counting tray. The activity of the 
samples was determined with a counter and scaler as described by Hayes 
and Jodrey (4). 

First attempts to rid Gammarus of bacteria were made by using an anti- 
septic, dettol (p-chloro-m-xylenol). The concentration used was 1 ml. per 
liter of autoclaved sea water and the contact periods 5 to 35 minutes. 
The bacterial count was reduced considerably, but the method also proved 
deleterious to the animals. 

Gammarus were made bacteria free by use of terramycin hydrochloride, 
which was not harmful to the animals. Before the animals were placed in 
contact with the antibiotic they were washed in sterile sea water. Antibiotics 
are not effective against molds and actinomycetes, but the washing procedure 
prior to treatment reduces their numbers considerably. The concentrations 
of terramycin used were 250 mg. and 100 mg. per 100 ml. of water. The 
animals were kept in contact with the terramycin from 1 to 2 hours. They 
were then removed from the solution with sterile glass tubes as described 
by Stuart ef al. (16), and taken through a sterile sea water bath in order to 
wash off the terramycin before use in a ®P test. 

Checks were made for bacterial growth in each experimental flask as the 
animals were removed from it. One milliliter of the sea water from the 
flask was plated in a beef—peptone sea water agar modified after ZoBell (20). 
Counts were made 1 week after plating. No flask was completely free of 
bacteria but a few contained as low as five colonies per milliliter in the controls. 
Spencer used penicillin and streptomycin in order to obtain bacteria free 
diatoms (15). He did not get his cultures completely free of bacteria even 
when he used a combination of the two antibiotics. 


Uptake of Radiophosphorus by Microorganisms 


While making a routine check on the accuracy of the method for determining 
inorganic radiophosphorus in distilled water, it was discovered that only 40% 
of the total *P was precipitated by the method as above described. When 
some of the water was ashed with nitric and perchloric acids, over 99% of 
the ®P was recovered. This means that microorganisms (yeasts, molds, 
bacteria, etc.) had converted three-fifths of the total phosphorus into the 
organic form. This is a rather remarkable phenomenon in view of the fact 
that the sample was carrier free, so that there was no phosphorus to support 
life except the few labelled atoms. Dilution was made with distilled water, 
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so the only other substance present was 1 ml. of dilute HCl in which the ®P 
was delivered. The nutrient supply seems very scanty to permit so much 
evidence of life. 

The conversion to organic *P was further studied on a jar of water, collected 
from Chocolate Lake near Halifax. After the water had stood for 24 hours, 
it was filtered, *P added, and it was stirred gently in a dark room. Both 
total and inorganic “P were estimated with results as shown in Fig. 1. Asa 
check, two autoclaved solutions of radiophosphorus were kept under sterile 
conditions and were tested for loss of *P on the 8th and 13th days. There 
was no loss from the water in either flask. 

The top curve of Fig. 1 shows that after 155 hours 16.7% of the ®P had 
disappeared from the water, a loss credited to sessile bacteria growing on the 
walls of the container. Norman Beckett in this laboratory had already 
observed a similar phenomenon in unfiltered lake water kept in a jar, in room 
light. After 10 days 45% of the *P had disappeared, a portion perhaps to 
algal cells on the walls, and to dead microorganisms settling to the bottom. 
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Fic, 1. Synthesis of organic phosphorus in water from Chocolate Lake, N.S. Prior to 
the test, water was passed through ordinary filter paper (not molecular filter). The 
decline in total phosphorus in the vessel is due to uptake by sessile organisms attached 
to walls of the vessel. Solid organic line, direct observations in water; dotted organic 
line, above plus decline in total (i.e. plus 100 minus total points of top line). 
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The center curve of Fig. 1 shows how inorganic phosphorus declines, 
mostly within the first day, to approach an equilibrium in which it is about 
equal to the organic fraction. The bottom curve, drawn through the analytical 
points, is organic #P in the water. To find the total organic production 
the decline as shown in the top curve should be added, to take in organic ®P 
in sessile forms. The dotted line gives the revised values. From the lower 
curve (dotted line) the turnover time for organic phosphorus is calculated 
to be 19 hours, and for water, 27 hours. The turnover in a bottle experiment 
such as this one is likely to be more rapid than in an open lake, by reason of 
the glass surface available for bacterial growth. It was reported by Whipple 
(18) in 1901, and has been repeatedly verified since, that increase in surface 
is accompanied by an increase in the standing crop of bacteria in water. 

This experiment may serve as well as any to illustrate the procedure for 
calculating turnover time. The. required parameters are: concentration 
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Fic. 2. Straight line plot for the conversion of inorganic #P to the organic form. 
Activity at equilibrium 41.5% minus activity at any time, ¢, is plotted logarithmically 
against time. The slope, 0.03876, is used when calculating the turnover times for water 
and organic phosphorus. 
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at zero time (which is zero) and final concentration when equilibrium has 
been reached. The latter is deduced in practice from inspection of the 
points making up the curve. 

First the raw data are set down, then various values of Ac. are tried. 
The correct value, which should be in the vicinity of the final observed value, 
gives the best straight line when log(Ac. —Ac) is plotted against time (Fig. 2). 
In this example, it was 41.5. From the accepted (Ac. —Ac) line, the smoothed 
values are read off and the slope, k, is calculated, being: 


by/dx = (log 41.5—log 17.0) /10, 
(1.6180—1.2304) /10, 
= 0.03876. 


From the equation 


1/T = k/0.4343, 
0.03876/0.4343, 
= 0.0892, 


1/T=A+yn 


where J is the rate at which phosphorus is lost to the solid phase, and yu is the 
rate at which it is returned to the water. 
Also 

Alo = NAco/(A + 9) 


where Ac, is the activity in the water at zero time. 


A = [A + #) Aco]/Ac, 
(0.0892 X 41.5) /100, 
= 0.0370. 


M+ uw = 0.0892, 
= 0.0370, 

‘, mw = 0.0892—0.0370, 
= 0.0522. 


The turnover time, 7;, for inorganic phosphorus is 1/A = 1/0.0370, 
27 hours. 
For organic phosphorus, T; is 1/u = 1/0.0522 
= 19 hours. 


In words: a mass of inorganic phosphorus equal to the total mass present 
goes into and out of the organic state every 27 hours; a mass of organic 
phosphorus equal to its total in the system goes through the inorganic phase 
every 19 hours. 

In a recent paper Rigler (14) reported that growing bacteria rapidly utilized 
inorganic phosphate from lake water, but when sterile water was stored there 
was no loss of phosphate from solution. He found very rapid turnover times 
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of inorganic phosphate between solution and organisms in several lakes in 
Ontario; these ranged from under 5 minutes to half an hour. His method 
was different from this author’s in that his described equilibrium was between 
microorganisms and what passed through a molecular filter, i.e. was in true 
solution. 
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32P in solution 82P in cells. 





In this paper the equilibrium described is 


inorganic *P solution > organic *P solution 
and microorganisms ss and microorganisms. 












The latter gives a turnover time which is an order of magnitude longer than 
Rigler reports for the former. 







Artemia 


One hundred Artemia were transferred from the culture aquarium to a 
battery jar containing 1 liter of filtered Halifax sea water. Radiophosphorus 
had been added to the water to give 720 counts/minute/ml. at zero time. 
Animals were removed from the battery jar at intervals, weighed on a torsion 
balance, and transferred to trays on which they were dried in an oven before 
they were tested for *P. Results are shown in Fig. 3, in which each point is 
the average for five animals. Each Artemia covered an area of approximately 
0.5 cm.? on the counting tray, and the average weight was only 9 mg. before 
drying so it was not necessary to correct for self-absorption of the radiation (7). 
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Fic. 3. Uptake of ®P by the brine shrimp, Artemia. The experiment was conducted 


in sea water. 
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Fig. 3 shows that the uptake of radiophosphorus was very rapid at first 
and that it gradually tapered off to an equilibrium point. At equilibrium, 
each gram of Artemia contained 8.2% of the initial count of *P in the water. 
The results were plotted as a straight line as described in the previous section. 

The turnover time for Artemia worked out to be 14 hours. As to the water, 
its *P is equilibrating with bacteria as well as with Artemia so that the latter 
are not to be equated with total phosphorus events in the aqueous phase. 


Gammarus 


Tests on marine Gammarus were made as described for Artemia. In two 
experiments the turnover times were 42.5 and 43.5 hours. The equilibration 
for one experiment is shown in Fig. 4. Some modification of the calculation 
is necessary because there was a negligible loss from the water, making \ very 
small and the turnover time for water infinitely long. Hence A + wp is equal 
to w and T is the same as 7;, being the turnover time for Gammarus. 
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Fic. 4. Uptake of ®P by marine Gammarus. At equilibrium the uptake was 28 X 104 
c.p.m./g. wet weight Gammarus (A). Turnover time is calculated from the slope of the 
straight line plot (B). 


Effect of Temperature 


Gammarus, which had been acclimated to 3° to 5° C. in a refrigeration room, 
were washed in several solutions of filtered Halifax sea water before being 
placed in the experimental beakers. Pyrex beakers (800 ml.) were filled with 
300 ml. of filtered sea water containing 1590 counts/minute/ml. of radio- 
phosphorus. Eight animals were placed in each beaker. At intervals 
animals were removed from a beaker and analyzed for organic and inorganic 
radiophosphorus. 

The experiment was repeated at room temperature (22°-25° C.) under the 
same conditions except that aeration was necessary to keep the animals alive 
at this temperature. The results are shown in Fig. 5. In order to bring 
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the two experiments into comparable units, the counts/minute/g. of Gammarus 
are divided by the counts/minute/ml. of sea water at zero time. This related 
the two experiments in which different concentrations of radiophosphorus 
were added to the sea water. The base line of Fig. 5 has been drawn logarith- 
mically as observations were made at approximately logarithmically spaced 
intervals. 
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Fic. 5. Effect of temperature on uptake of radiophosphorus by Gammarus. To 
compare the two curves the c.p.m./g. Gammarus are divided by the initial c.p.m./ml. of 
the sea water used in each test. There was a time lag of a few hours before strong uptake 
began, of which the appearance is somewhat exaggerated by the logarithmic scale of the 
base line. 


It will be noticed that neither experiment was carried far enough to extra- 
polate to the point of maximum uptake, hence is not usable to calculate 
turnover times. By inspection of Fig. 5, it may be observed that at 95 hours 
the animals at room temperature had taken up four times as much radio- 
phosphorus as animals kept in the cold room. In both experiments relatively 
little radiophosphorus was taken up during the initial 32 hours. This point 
will be discussed later. 

Fig. 6 shows the percentages of radiophosphorus found in organic combina- 
tion during the experiments. For comparison, the percentage of phosphorus 
found in organic combination in non-treated controls is indicated on the graph. 
The first observations are within the normal range (63.7 + 4.9%) for organic 
phosphorus in the animals. The organic phosphorus rises to a peak of 85% 
and then falls back to the normal range. Apparently the radiophosphorus 
equilibrates with labile compounds in the body fluid in a matter of minutes. 
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The turnover rate of more stable phosphorus-containing organic compounds 
such as proteins and nucleic acids is much slower. As radiophosphorus 
becomes incorporated into the stable compounds the percentage of organic #P 
in the animals reaches a peak. At this stage *P is no longer serviceable as a 
tracer, being in complete equilibrium with the ordinary phosphorus throughout 
the animal. It is surprising that at room temperature, 60% of the *P in the 
animals has been converted to the organic form only 3 hour after its addition 
to the water in the inorganic form. 
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Fic. 6. Percentage of #P which is in the organic form in Gammarus, following 
immersion in active sea water. As soon as any of the phosphorus is found the organic 
fraction approaches the normal value. An above-normal peak occurs at 2-3 days, 
followed by a gradual decline to reach the normal value again after about a week. The 
horizontal line marked “‘control’’ is the analysis for untreated specimens, whose organic 
phosphorus is 63.7+4.9%. Dots are a test at 22—25°; triangles are a test at 2-5° C. 


Effect of Antibiotic 


The first experiment described showed that bacteria in the water make 
over a large part of inorganic “P to the organic form in a few hours. In tests 
with invertebrates there were always bacteria in the water. It was of interest 
to determine whether bacteria are necessary intermediates in the invertebrate 
effect, and Gammarus experiments were set up with and without pretreatment 
by the antibiotic terramycin. The flasks used had 300 ml. of autoclaved 
sea water to which *P was added, and were stoppered with absorbent cotton. 

The minimum was one treatment with terramycin at a strength of 100 mg. % 
(see Methods). Here the initial *P in water was 1822 c.p.m. per ml. 

The intermediate was two antibiotic treatments as above, the initial #P 
being 2029 counts. 
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Fic. 7. Uptake of #P by Gammarus after antibiotic treatment compared with control. 

Three levels of pretreatment with terramycin are shown as minimal, medium, and max- 

imal. The antibiotic caused a great reduction of bacteria in the water, which is reflected 

in a diminished uptake of #P by the organisms. Evidently the intermediary activity of 
bacteria is necessary to permit inorganic phosphorus to be used. 

The maximum was three treatments at 24-hour intervals with terramycin 
at 250 mg.% strength. This is approaching the level of toxicity. Sea water 
started with 1264 c.p.m. 

Results are shown in Fig. 7. In all three terramycin experiments the uptake 
was considerably less than that of the control. The only point where a large 
amount of radiophosphorus was taken up was at 70 hours in the first or minimal 
terramycin experiment. This flask contained over 100,000 bacteria per ml. 
of sea water, considerably more than in any of the other flasks. The control 
ran to about 1.25 X 10® colonies of bacteria per ml. sea water. In the 
weakest and medium terramycin tests there were initially about 200 colonies, 
rising to 5000 during the test (except for the one final high value mentioned). 
Following the maximal antibiotic pretreatment the colonies started at 5 per 


ml. and went up to nearly 500 by the end. 


Discussion 


The experimental results may be summarized as follows: Radiophosphorus 
equilibrates very quickly between organic and inorganic fractions in lake 
waters because of the uptake by microorganisms. It also equilibrates very 
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quickly between Artemia and water, and more slowly between Gammarus 
and water. In Gammarus there is a lag period in which uptake is slow. 
Sterile Gammarus take up hardly any radiophosphorus. 

From the results it is evident that Gammarus does not take up appreciable 
quantities of phosphorus by direct absorption through the body wall, intestine, 
or gills. This is in agreement with the findings of Bond (1) and Krogh (10). 
Bond concluded that, in general, marine invertebrates are impermeable to 
water, salts, and organic solutes. From experiments on Artemia in which 
he used heavy water as an indicator in the medium, Krogh found only a slight 
exchange between the water of the blood and that outside. Two alternative 
methods remain by which Gammarus may obtain its phosphorus, (@) in organic 
combination by ingestion of the dissolved organic material in the water, or 
(b) by digestion of particulate matter. 

The first method indicated above was first postulated by Piitter (13). 
Krogh (9) reviewed the subject and concluded that no multicellular animals 
take up dissolved organic substances from natural water in any significant 
amount, although certain Protozoa may do so. Stuart, McPherson, and 
Cooper (16) raised bacteriologically sterile Moina macrocopa and found them 
unable to subsist on dissolved organic material. Particulate food in the form 
of living bacteria (killed bacteria did not support successive broods) allowed 
the cladoceran Moina to be cultured indefinitely. Gellis and Clark (3) found 
that Daphnia magna could derive nourishment from colloidal organic matter, 
but this substance played an insignificant role as food for the animals. 

In the present investigation there was no organic radiophosphorus except 
that produced by bacteria after the experiment began. The terramycin 
experiments which have been described make it appear probable that the 
animals obtain radiophosphorus as particulate matter in the bodies of the 
bacteria. The availability of bacteria as food for crustaceans depends upon 
the numbers and species of bacteria in the medium, as well as the length of 
time the animals are allowed to feed on them. The last point may be used 
to explain the initial, relatively slow uptake of radiophosphorus by the controls. 
Fig. 1 shows that bacteria require nearly 40 hours before they begin to equili- 
brate with the inorganic radiophosphorus in the solution. About the same 
length of time is required before Gammarus begin to take up the radiophos- 
phorus more quickly. To state this differently, there are more bacteria 
containing radiophosphorus after about 40 hours, so if the animals are feeding 
on the bacteria at a constant rate they will take up more radiophosphorus 
in the bodies of the bacteria after 40 hours. 

Stuart et al. (16) showed that certain species of bacteria are better as food 
for Moina than others. Hutchinson (6), from a review of the literature, 
suggests that ‘‘Selective feeding is to be expected, even in planktonic Calanoida 

. . objects that are too large for the small species being readily ingested by the 
large”. Artemia feed for the most part on Protozoa, unicellular algae, bacteria, 
and finely divided detritus (11). Their filtration mechanism is so efficient 
that particles 0.25 mw in diameter, and probably less, are secured in large 
numbers. 
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It has been shown by ZoBell (20) that the numbers of bacteria which grow 
in containers vary directly with the relative surface area of the container. 
This means that more bacteria grow per unit volume in a laboratory container 
than in a lake, a fact which must be taken into consideration when interpreting 
laboratory experiments. Under natural conditions the aquatic invertebrates 
also have access to unicellular algae, diatoms, and other small organisms. 


References 


. Bonn, R. M. A contribution to the study of the natural food cycle in aquatic environ- 
ments. Bull. Bingham Oceanog. Collection, 4, 1-89 (1933). 

. CorFin, C. C., Hayes, F. R., Joprey, L. H., and Wutreway,S.G. Exchange of materials 
in a lake as studied by the addition of radioactive phosphorus. Can. J. Research, 
D, 27, 207-222 (1949). 

3. Geis, S. S. and CLarK, G. L. Organic matter in dissolved and in colloidal form as 

food for Daphnia magna. Physiol. Zool. 8, 127-137 (1935). 

. Hayes, F. R.and Joprey, L.H. Utilization of phosphorus in trout as studied by injection 
of radioactive phosphorus. Physiol. Zool. 25, 134-144 (1952). 

. Hayes, F. R., McCarter, J. A., CAMERON, M. L., and Livincstone, D. A. On the 
kinetics of phosphorus exchange in lakes. J. Ecol. 40, 202-216 (1952). 

. Hutcurnson, G. E. Copepodology for the ornithologist. Ecol. 32, 571-577 (1951). 

. KaMEN, M.D. _ Radioactive tracers in biology. Academic Press, Inc., New York. 1948. 

. Kinc, E. J. The colorimetric determination of phosphorus. Biochem. J. 26, 292 (1932). 

. KrocGu, A. Dissolved substances as food of aquatic organisms. Biol. Revs. 6, 412-442 
(1931). 

. Krocu, A. Osmotic regulation in aquatic animals. Cambridge Univ. Press, London. 1939. 

. LocHHEAD, J. H. Artemia the ‘‘brine shrimp”. Turtox News, 19, 41-43 (1941). 

. McCarter, J. A. and Ste.tjes, E. L. Methods for the determination of the distribution 
of radioactive phosphorus among the phosphorus containing constituents of tissues. 
Can. J. Research, E, 26, 333-346 (1948). 

. Piétrer, A. Die, Ernahrung der Wassertiere und der Stoffhaushalt der Gewéasser. 
Jena, 1909. 

. RiGLer, F. H. A tracer study of the phosphorus cycle in lake water. Ecol. 37, 550-562 
(1956). 

. SPENCER, C. P. On the use of antibiotics for isolating bacteria free cultures of marine 
phytoplankton organisms. J. Mar. Biol. Assoc. U.K. 31, 97-106 (1952). 

. Stuart, C. A., McPHERsoN, M., and Cooper, H. J. Studies on the bacteriologically 
sterile Moina macrocopa and their food requirements. Physiol. Zool. 4, 87-100 (1931). 

. Wetcu, P. A. Limnology. 2nd ed. McGraw-Hill Book Company, Inc. New York, N.Y. 
1952. 

. WuHIpPLE, G. C. Changes that take place in the bacterial contents of waters during 
transportation. Tech. Quart. 14, 21-29 (1901). 

. Witcarp, H. H. and Dienst, H. Advanced quantitative analysis. D. Van Nostrand 
Company, Inc., New York. 1943. 

. ZoOBELL, C. E. and ANpEeRson, D. Q. Observations on the multiplication of bacteria in 
different volumes of stored sea water and the influence of oxygen tension and solid 
surfaces. Biol. Bull. 71, 324-342 (1936). 





THE AVIAN BLOOD PARASITE BABESIA MOSHKOVSKII 
(SCHURENKOVA, 1938), WITH A RECORD FROM CORVUS 
SPLENDENS VIEILLOT IN PAKISTAN! 


MARSHALL LAIRD? AND Faryaz A. Lari® 


Abstract 


A description is given of a haematozoan from an Indian house crow, Corvus 
splendens Vieillot, from Karachi, Pakistan. This organism is identified as 
Babesia moshkovskiit (Schurenkova, 1938), following a review of the literature. 
Other hosts for B. moshkovskii include the domestic fowl, which also harbors 
the better known babesioid Aegyptianella pullorum Carpano, and eagles, herons, 
kestrels, and owls in Tadjikistan (U.S.S.R.), Indo-China, and Egypt. 


This parasite was the only babesioid encountered during a random survey of 
avian haematozoa in Pakistan. It was discovered in a Giemsa-stained heart- 
blood film taken from an Indian house crow, Corvus splendens Vieillot, at 
Karachi, on October 7, 1954. A complete list of the various birds examined 
will appear in a paper submitted for publication elsewhere (20). 


Descriptive Account 

General 

Six per cent of the red cells in the film contain parasites. Although most 
of the infected cells are mature erythrocytes, both trophic and dividing 
parasites may occur in polychromatophil erythroblasts (Figs. 11, 33) and 
normoblasts (Fig. 2) as well. All stages of the organism are devoid of pigment, 
and are most commonly located towards one of the poles of the host cell. 
The fairly high parasitemia, an abundance of dividing forms, and the frequent 
occurrence of two (Figs. 3, 9, etc.) or even three (Fig. 14) different life history 
stages in a single erythrocyte indicate that the infection was probably in its 
acute phase. Parasitized cells are neither hypertrophied nor distorted, the 
range in size of the cells illustrated in the figures being in accordance with 
that of parasite-free ones in the same preparation. The host cell nucleus is 
sometimes displaced (Figs. 19, 33, 34). The considerable size range of 
uninfected red cells and the occurrence of numerous normoblasts and erythro- 
blasts, some of the latter in mitosis, are indicative of anemia; but as we have 
no data concerning the course of the infection it cannot be stated whether 
this condition is attributable to the parasite or to some other cause. 


Anaplasmoid Bodies 
These consist of minute dots of red-staining material, and lack any indication 
of cytoplasm (Fig. 6, top). Diameter, 0.2 to 0.6 u. 


1 Manuscript received September 12, 1957. 
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Elongate Forms 

Some of these (Figs. 1, 14) exhibit a terminal dot of chromatin and a slender, 
usually straight, cytoplasmic tail, their dimensions ranging from 0.7 to 0.9 pu 
by 0.1 uw. Others often assume a uniformly reddish stain (Figs. 6, 24), may 
be of irregular outline (Figs. 6, 9) or cresce i:ic (Fig. 24, top), and range up 
to 2.5 wu in length. 


Ring Forms 

The smallest ones (Figs. 9-11) usually stain uniformly red, and are of a 
diameter of 0.4 to 0.9 yw. Rather larger ones, which show differentiation 
between cytoplasm and chromatin (Fig. 14, top), greatly resemble signet ring 
trophozoites of Plasmodium. The central vacuole assumes a lighter stain 
than the surrounding host cell cytoplasm, and may appear whitish and 
somewhat refractile. The oldest rings are often of oval to irregular outline, 
and measure from 1.2 by 0.9 yu to 2.1 by 1.4 w (Figs. 17, 18, 23). 


Large, Solid Forms 

These may be round, oval, or of irregular outline (Figs. 3, right; 23, bottom; 
28). They range from 0.9 to 5.3 uw in diameter, averaging 1.5 uw. Chromatin 
appears to be thinly diffused throughout the cytoplasm, the color assumed 
with Giemsa ranging through various shades of red to violet. 


Binary Fission 

All stages have the faculty of dividing by simple binary fission. Broadly 
V-shaped elongate forms having a central chromatin mass at the junction 
of two blue or reddish-staining arms (Fig. 2) are quite common. In the case 
of pairs like that illustrated in Fig. 3 (top), the two straight or slightly curved 
components lie closely parallel to one another, usually near or in contact with 
the cell membrane, and assume a uniformly reddish stain. Each member of 
such a pair may itself divide into two by transverse binary fission (Fig. 4). 
Horseshoe-shaped elongate parasites having a knob at either end (Figs. 7, 8, 
bottom) are perhaps in process of division. 

Rings having a knobbed projection (Fig. 8, top) are occasionally seen, but 
are of unknown significance. Those undergoing simple binary fission have 
the appearance of a figure-of-eight just before cytoplasmic cleavage takes 
place (Fig. 12, top), and it is common to find two closely associated rings of 
similar size in the one erythrocyte. Dividing rings having a bipolarity due 
to the presence of a large mass of chromatin at either end are illustrated in 
Figs. 26, 27, and 34. 

The large, solid forms of the organism exhibit both longitudinal and trans- 
verse binary fission, the line of cleavage being quite straight (Fig. 29). 

A very few oval parasites, rich in cytoplasm and having an intensely 
staining nucleus in process of division, have been seen (Fig. 31). These are of 
relatively large size, ranging from 2.0 by 1.5 uw to 5.8 by 3.3 uw. They form 
two pyriform daughter individuals having a central nucleus, which stains 
bright red, and abundant sky-blue cytoplasm (Fig. 32). The subequal 
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division products resemble those of the larger species of Babesia such as 
B. bigemina (Smith and Kilborne), while their téte-béche arrangement bears 
comparison with that of Haemogregarina bigemina Laveran and Mesnil (19). 


Schizogony 

Cruciform (Figs. 5, 33) and fan-shaped (Figs. 19, 20) schizonts are not 
uncommon, although less plentiful than the stages thus far considered. They 
are of various sizes, small cruciform ones often being uniformly red staining 
and forming four tiny anaplasmoid merozoites lacking any indication of 
cytoplasm (Fig. 15). Such division forms are very like those of the babesioids 
for which Neitz and Jansen (25) proposed the new family name of Gonderidae 
(see p. 788). It is possible that merozoites of this first type may also result 
from the division of schizonts of the kind illustrated in Figs. 12-14, in which 
from two to four chromatin beads appear strung on a thread-like circlet of 
cytoplasm. Sometimes four small merozoites, still closely associated in box 
formation, each exhibit a tiny, outwardly-directed tail of cytoplasm (Fig. 16). 

Somewhat larger schizonts give rise to merozoites of a second type, pyriform 
and uniformly red-staining structures the dimensions of which range from 
0.5 by 0.2 uw to 0.7 by 0.5 uw. Groups of four such merozoites resulting from 
the division of cruciform schizonts are initially disposed in box formation 
with their tapered ends pointing in towards the common center. In some 
cases there is no trace of any residual material (Fig. 25), while in others there is 
a central reddish-staining mass (Fig. 22), probably consisting of cytoplasm 
with some diffused chromatin. Similar merozoites may be produced in 
another fashion, from large rings having a relatively heavy lateral mass of 
chromatin (Fig. 18) which gives rise to four subequal buds resembling the 
teeth of a ratchet (Figs. 19, 20). The cytoplasm of such schizonts becomes 
isolated as a ring-shaped residual body at merozoite formation (Fig. 21). 
Once only, two pyriform merozoites of the second type were noted lying 
close together in a red cell (Fig. 20, right). While these may perhaps have 
been formed by binary fission, it is equally likely that they were produced 
by schizogony with the separation of four merozoites, their two associates 
having already made their way out of the host cell. 

Certain large, cruciform schizonts have a proportionately greater amount 
of cytoplasm (Fig. 33), their chromatin being concentrated in knobs at the 
points of the division figure. A third type of merozoite is formed from these, 
having a rounded chromatin head 0.2 to 0.3 w in diameter, and a straight 
or curved cytoplasmic tail 0.7 to 1.1 w long (Figs. 34, 35). Despite the fact 
that the chromatin of such schizonts is always peripheral, the heads of the 
four separated merozoites are usually inwardly directed (Fig. 34). Perhaps 
this is due to a rapid post-division reorientation, for the curved tails of the 
merozoites suggest active motility as pointed out by Mohamed (23). Before 
quitting the host cell the merozoites may move about within it to some extent 
(Fig. 35), and at this stage their cytoplasm frequently appears to be an elongate 
loop rather than a solid tail. 
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The chromatin of parasites of the solid, red-staining type, may become 
concentrated peripherally (Fig. 23, top right), after which a central vacuole 
becomes evident (Fig. 24, right) and four merozoites are formed. Other 
schizonts developed from trophozoites of this type have four (sometimes as 
many as six) internally located nuclei (Fig. 28, bottom). These bear com- 
parison with the equivalent stages of A egyptianella, and with schizonts of the 
type described from Iranian Babesia (= Luhsia) bigemina by Delpy (11). 

Finally, it must be noted that although no endoleucocytic stages were seen, 
some lymphocytes and monocytes held a number of small (0.5 to 1.8 pw) 
red-staining inclusions interpreted as phagocytosed chromatin probably of 
parasite origin. 


Relationship of the Various Stages to One Another 

This cannot be assessed with any finality from the very limited material 
available. It would seem that anaplasmoid merozoites of the first type 
reinvade red cells to initiate a further cycle of development, but whether 
elongate parasites like the ones illustrated in Figs. 1 and 9 are derived from 
these or from the second or third types of merozoites is a matter for conjecture. 
Furthermore, it is by no means clear whether the various manifestations of 
binary fission and schizogony described are indicative of regularly repeated 
stages in a definite sequence of development, or whether they are evidence for 
Rousselot’s (29) contention that babesioids in general have an innate capacity 
to divide in these different ways throughout their cycle in the vertebrate host. 
The great difference in size between all the division products of schizonts of 
the cruciform types and the much larger pyriform bodies illustrated in Fig. 32 
is in accord with that between merozoites and gametocytes or gametes in 
other Sporozoa, but confirmation of this and elucidation of the nature of the 
large, red-staining stages must await further studies. 


Systematic Position 


The lack of pigment and the method of division in red cells refer this 
organism to the sporozoan group commonly known as the piroplasms, from 
the superseded generic name of Piroplasma Patton, 1895. This name, which 
formerly enjoyed wide currency, is now generally recognized as a synonym 
of Babesia Starcovici, 1893 (35). The status and interrelationships of the 
group, herein referred to as the babesioids, are still incompletely understood, 
various authors having sought to assign them to the Coccidia or Haemo- 
sporidia, or even to the Sarcodina. For present purposes it is considered best 
to follow Poisson (27) in regarding them as Sporozoa of uncertain standing. 
Poisson established the new superfamily Babesioidea for their reception, 
the summarized diagnosis being as follows: 

Parasites of red (and in some cases white) cells of vertebrates, 
especially mammals. Simple, pigment-free structures of small 
size, rounded, pyriform, or bacilloid. Asexual reproduction by 
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binary or multiple fission or by budding.* Sexual multiplication 
also takes place, although gametocytes have only been identified 
with certainty in one of the families. Ticks are the sole known 


vectors. 

Three families, the Anaplasmidae, Babesiidae, and Theileriidae, were 
included in the Babesioidea by Poisson (27), and a fourth, the Dactylosomidae, 
has since been added by Jakowska and Nigrelli (17). The Anaplasmidae, 
tiny Coccus-like organisms devoid of cytoplasm, occur in mammalian red 
cells; the Babesiidae, which multiply asexually in erythrocytes by binary 
fission or schizogony, parasitize mammals, birds, and reptiles; the Theileriidae 
are mammalian parasites which undergo schizogony in white cells, their 
gametocytes occurring in red cells as small round, oval, or bacilloid bodies; 
and the Dactylosomidae are parasites of reptiles, amphibians, and fish, 
producing schizonts which form 4-16 merozoites in circulating red blood cells. 
According to Jakowska and Nigrelli (17, 18) the gametocytes of members 
of the latter family are also developed in the erythrocytes. If this is indeed so, 
it would seem to be the only major criterion distinguishing the Dactylosomidae 
from the Babesiidae, and further research might invalidate this distinction, 
most of what has been written concerning gametogony in the latter family being 
of a speculative nature; for, although asexual multiplication in the Babesiidae 
usually results in the production of only two or four merozoites, there are 
good grounds for following Poisson in assigning the avian and reptilian 
babesioids of the genus Aegyptianella Carpano, which form much larger 
numbers of endoerythrocytic merozoites, to this family. 

Very little is known of the cycle of any of these organisms in the invertebrate 
host, and complete studies of babesioid life histories will no doubt indicate 
the need for a revision of the scheme of classification adopted herein. However, 
as matters stand, Poisson’s approach has the merit of grouping these parasites 
into a natural assemblage within which interrelationships can be established 
without prejudice to questions of classification at a higher level. 

Anaplasmoid stages like those described herein from the Corvus parasite 
frequently form part of the cycle of representatives of both the Babesiidae 
and the Theileriidae. Members of the latter family are generally smaller 
and less rich in cytoplasm than those of the former one, but the two families 
cannot always be separated from one another on the grounds of the morphology 
of forms present in circulating red blood cells. There is particular difficulty 
in regard to small babesiids of the type of Babesia (Nuttallia) equi (Laveran) 
and certain theileriids for which Neitz and Jansen (25) have recently proposed 
the new family name of Gonderidae, as small cruciform schizonts are formed 
in red cells in both cases. Nevertheless, although the anaplasmoid cross 
forms of our parasite bring these theileriids to mind, the lack of endoleucocytic 
schizonts and the occurrence of trophozoites and schizonts having considerable 
cytoplasm, and of rare, pyriform bodies of relatively large size (Fig. 32), are 


* We prefer to express this as “Asexual reproduction by binary fission or schizogony”’, 
following Wenyon (35), who pointed out that the process of budding into two or four commonly 
seen in babesioids does not differ fundamentally from normal sporozoan schizogony. 
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all compatible with the family Babesiidae. Some authors, Wenyon (35), 
‘Thomson and Hall (32), and Neitz (24) for example, admit only one genus, 
Babesia Starcovici, to this family. Others, including Neveu-Lemaire (26), 
Sergent et al. (31), and Poisson (27), differentiate two or more genera, to 
several of which the babesioids previously described from birds have been 


assigned. 


Specific Identity 


The earliest record of avian babesioids is that of Lingard and Jennings (21), 
who referred to the occurrence of ‘‘piroplasms’’ in domestic fowls in India. 
Three years later Balfour (2) published a preliminary note on what he believed 
to be ‘‘a true piroplasm”’ occurring in association with spirochetes in the blood 
of the same host in the Sudan. Dschunkowsky and Luhs (12) discovered 
endoerythrocytic bodies, resembling those described by Balfour, in Trans- 
caucasian fowl, but felt that these were perhaps mere fragments of chromatic 
material of similar nature to Kurloff’s bodies. In regard to this suggestion 
it should be noted that Porter (28) described erythroblastic nuclear remnants 
superficially resembling Anaplasma from a variety of experimental animals, 
including birds, and that Anaplasma-like bodies were reported by Wasielewski 
(34) from the little owl, Athene noctua. 

Balfour (3), in describing Spirochaeta granulosa penetrans from Sudanese 
fowl, dealt at some length with the subject of avian spirochetosis. He 
concluded that the associated bodies he had previously considered to be 
piroplasms actually represented an asexual phase in the life history of 
S. granulosa penetrans, claiming that granules discharged by the spirochetes 
entered erythrocytes, developed further therein, and in due course underwent 
schizogony. A few years later Balfour (4) was inclined to revert to his earlier 
opinion that two distinct organisms were involved, other authors having by 
then published accounts of fowl spirochetosis unassociated with granular 
erythrocytic inclusions. ‘The latter remained generally known as “Balfour’s 
bodies” for several years, Franchini (14) drew attention to the occurrence 
of similar bodies without an associated spirochetosis in an Italian bird, 
Hypoleis hypoleis, and Wenyon (35), who reviewed the literature on avian 
spirochetosis and concluded that all the spirochetes until then recorded from 
fowl, geese, and ducks are properly referable to Treponema anserinum (Sakha- 
roff), considered Franchini’s discovery as support for the hypothesis that 
‘“‘Balfour’s bodies’’ belonged to an unknown group of parasites. It was left for 
Carpano (7) to show that these bodies are in fact closely related to Babesia. 
Their distinctive schizogony separating them from previously known babe- 
sioids, he established a new genus with Aegyptianella pullorum as its type. 
Carpano (8) extended the host range of his species to geese, and Farid (13) 
recorded it from turkeys and guinea fowl in Egypt. Bedford and Coles (6) 
established that the vector, like those of other babesioids, is a tick. The 
species concerned, Argas persicus, also transmits the fowl spirochete. There 
-are now records of A. pullorum from domestic birds in various tropical and 
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subtropical countries, from feral quail, and from a number of laboratory hosts 
including pigeons and canaries. A second species, Aegyptianella carpani 
Battelli (5), has been described from a snake. 

The following brief description of Aegyptianella pullorum, the only avian 
babesioid to have attained general recognition thus far, is compounded from 
various authorities. The earliest stages present in red cells are oval or rounded 
granules less than 1 yw in diameter, staining red with Giemsa, and usually 
located towards the cell membrane. A tiny amount of cytoplasm is sometimes 
detectable. Developing parasites, which may be round, oval, pyriform, or of 
irregular outline, range from 1 to 2 w in diameter. They are differentiated 
into cytoplasm and chromatin, and sometimes have a central vacuole. 
Schizonts are of various shapes and measure some 3 to 4 uw by 2 to 2.5 um. 
There may be from one to four central, pale-staining chromatic bodies, and 
deeper-staining nuclei become disposed peripherally. From 6 to 20 (fre- 
quently 12) minute merozoites are formed. Finally, large round or oval 
parasites, assuming an intense stain and very rich in chromatin, are quite 
common. Carpano considered that these are perhaps gametocytes. 

Poisson (27) included A egyptianella in the Babesiidae on the grounds of the 
absence of pigment, the morphology of some of the developmental stages, and 
the method of division in red cells. The high average merozoite number 
characterizing this genus serves to distinguish it from Babesia, the same 
criterion having been used by Jakowska and Nigrelli (18) to differentiate 
Dactylosoma Labbé from their new genus Babestosoma. 

While there are close resemblances between the trophic stages of Aegyptian- 
ella and the babesioid of Corvus splendens, the latter differs from the former 
but agrees with numerous other members of the Babesiidae in exhibiting 
binary fission and schizogony with the characteristic production of four 
merozoites from fan-shaped or cruciform division figures. 

Schurenkova (30) established the genus Sogdianella for a babesioid of an 
eagle (Gypaétus barbatus) in the Russian province of Tadjikistan. This 
organism, S. moshkovskit, resembles ours very closely indeed. It commonly 
produces four merozoites from schizonts of the type illustrated in Figs. 19 
and 20 herein, each merozoite having a tiny, outwardly directed cytoplasmic 
tail and the four being grouped about a central residual body (cf. Schurenkova’s 
Fig. 7). Large homogeneous bodies like those formed by the Pakistan parasite 
were viewed as gametocytes by Schurenkova, who considered reddish-violet 
inclusions of circulating leucocytes and of the Kupffner’s cells of the liver as 
evidence of schizogony in white cells. 

Henry (15) described (but failed to name) a small fowl babesioid differing 
from Aegyptianella pullorum. From his description and figures, this too is 
closely comparable with the species under consideration. Henry’s parasite 
ranges from 0.5 to 2.5 w in diameter, occurring as Anaplasma-like granules 
staining red with May-Grunwald-Giemsa, as small rings and as elongate 
bodies having a terminal dot of chromatin and a thin tail of cytoplasm (compare 
Figs. 1 and 14 herein with Henry’s 2nd and 17th figures). Both binary 
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fission and schizogony take place, the schizonts having their nuclei either 
strung on a thin cytoplasmic ring (cf. Figs. 13 and 14 herein) or at the angles 
of triangular or lozenge-shaped figures. In the latter case the merozoites 
either separate with no indication of residual material (cf. Henry’s 20th figure 
and Fig. 15 herein), or else they are grouped about a central residual body as 
is often the case with the Corvus parasite. Schizonts usually have four 
nuclei, although some have as many as six. Some of the numerous illustrations 
published by Balfour in the course of his studies of fowl haematozoa show 
small stages including the cross arrangement of four anaplasmoid granules. 
These differ so much from typical Aegyptianella schizonts that one must 
not overlook the possibility that he was dealing with mixed infections of 
A. pullorum and a smaller babesioid comparable with that described by Henry. 

The Indo-Chinese heron Ardea cinerea var. rectirostris is host to an organism 
described by Toumanoff (33) as Babesia (Nicollia) ardeae. This polymorphic 
red cell parasite occurs as tiny rings and as pyriform or comma-, V-, horseshoe-, 
or irregularly-shaped bodies. Some examples stain a uniform red with Borel 
blue, while others exhibit differentiation between cytoplasm and chromatin. 
Binary fission takes place, and Toumanoff illustrated reniform and circular 
binucleate and tetranucleate schizonts agreeing with examples in our prepa- 
ration (cf. his Figs. 10 and 13; Figs. 12 and 13 herein). Four oval or pyriform 
merozoites commonly appear disposed fan-wise or in the form of a cross. 
Toumanoff’s figures show no indication of a residual body, but the nucleated 
ends of the merozoites face inwards as in the present case. Following Wenyon 
(35), Toumanoff recognized but one genus, Babesia, in the family Babesiidae. 
However, he employed the subgeneric designation of Nicollia Nuttall, a name 
originally proposed for a babesioid supposed to have two unequal nuclei 
throughout the trophic phase, and forming four merozoites from fan-shaped 
or cruciform schizonts. Most recent authors regard Nicollia merely as a 
synonym of Babesia. Even should it prove that the binuclearity of Nicollia 
is a constant character of taxonomic significance, B. ardeae would not belong 
there. Toumanoff himself stated that uninucleate as well as binucleate 
trophozoites occurred in his material, and, as Mohamed (23) has pointed out, 
there is thus no reason for assuming that the latter were anything other than 
early division stages. 

Mohamed (23) proposed the name of Nuttallia shortti for a babesioid of 
the Egyptian kestrel, Falco tinnunculus var. rupicolaeformis. He gave a 
very detailed description of this organism, which he succeeded in subinoculating 
to Falco n. naumanni, and noted the occurrence of a morphologically similar 
parasite in nestling barn owls, Tyto a. alba. Mohamed drew attention to 
the great diversity in shape, structure, and size exhibited by WN. shortti. 
He grouped the various stages under a number of headings broadly corre- 
sponding with those employed herein, his parasite having an anaplasmoid 
stage (0.5 to 1.0 u), elongate forms of various shapes and of a thickness of 
0.25 uw or less to 0.75 yw, signet ring trophozoites (0.5 to 2.0 w), and roughly 
ovoid forms attaining a maximum diameter of 4.0 u. Elongate and ring forms 
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undergo binary fission, and fan-shaped and cruciform schizonts give rise to 
four merozoites the nuclei of which are generally central despite the fact that 
those of the schizonts are peripheral. Mohamed considered that his parasite 
differed specifically from Babesia ardeae on zoogeographical grounds and 
because elongate forms of the latter sometimes (although only rarely, according 
to Toumanoff) reach a length of almost 6 yw, and held it to be distinct from 
Sogdianella moshkovskui in lacking any indication of endoleucocytic stages 
and because of the higher size limit of the latter species (8 u, by comparison 
with 4 uw). He overlooked the babesioid described by Henry (15). The only 
respects in which our parasite is at variance with N. shortti are the rather 
greater diameter attained by the largest stages (5.8 as opposed to 4.0 wu) and 
its occasional formation of as many as six merozoites from one schizont. 
Otherwise agreement is complete, and extends to the types of host cells infected, 
the location of the parasites in these cells, and the capacity to displace the 
host cell nucleus. 

There are several further records of avian babesioids in the literature, but 
data concerning schizogony are lacking in all cases. Two investigators 
familiar with Aegyptianella pullorum have noted small ring forms (0.5 to 
1.5 uw, av. 1.0 w diameter) of a different babesioid in the red cells of fowl. 
Coles (9) discovered this organism in material from the U.S.A. (New York 
and Philadelphia) and South Africa, and Abdussalam (1) found it in asso- 
ciation with A. pullorum in the Punjab. MacNeil and Hinshaw (22) reported a 
morphologically similar organism from American turkey poults. The ring 
forms of Coles’ parasite are sometimes uniformly red staining, and the 
occurrence of bipolar examples (very like that illustrated in Fig. 34 herein) 
and numerous closely associated pairs suggests that binary fission takes place. 
Henry (15) remarked upon the close agreement between this parasite and 
equivalent stages of that which he described in greater detail from the same 
host. Coles (10) recorded what he believed to be an A egyptianella in spirochete- 
infected penguins (Spheniscus demersus) on Dassen Island, off the South 
African coast, and Rousselot (29) accorded the name of Piroplasma avium to 
small (0.5 to 2.0 w) signet ring parasites from pheasant in Iran, and listed 
several domestic and feral hosts for an Aegyptianella-like organism which he 
identified as A. pullorum. No conclusions as to the identity of any of these 
insufficiently described babesioids, or of Franchini’s parasite of Hypoleis 
hypoleis, can be drawn at this juncture. 

However, there is a very considerable measure of agreement between the 
fowl babesioid described by Henry (15), Babesia ardeae Toumanoff, Nuttallia 
shorttti Mohamed, the present parasite of Corvus splendens, and the erythrocytic 
stages of Sogdianella moshkovski1. 

Mohamed attached a considerable measure of importance to the great 
distance separating Egypt from Indo-China in arguing the specific distinctness 
of N. shorttt and B. ardeae. This argument loses force in the face of the 
occurrence of morphologically similar babesioids in intermediate localities 
in Tadjikistan and Pakistan. In any case, various other sporozoan parasites 
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of birds, notably species of Plasmodium, are known to have a much wider 
distribution than this. Avian blood Sporozoa are frequently found in numerous 
hosts only distantly related to one another, their distribution being correlated 
with that of suitable vectors rather than with that of particular species of birds. 
In this connection, Schurenkova (30) considered the possibility that the young 
eagle from which her parasite was recorded might have acquired its infection 
from a tick off a mammal brought to the nest by a parent bird, although she 
felt that infection by a specific avian tick was more likely; and Mohamed (23) 
pointed out that not only do eagles, kestrels, and owls prey upon small 
mammals, but that even herons may occasionally do so. A rather different 
elaboration of this ecological theme might well account for the occurrence 
of a single species of babesioid in eagles, kestrels, owls, herons, crows, and 
domestic fowl. The latter quite often live in close association with the 
other relatively large birds named, apart altogether from the predator—prey 
relationship. One of us (M.L.) has seen numerous crows (Corvus splendens) 
feeding in poultry runs at Karachi, kestrels settling near fowl houses in the 
Suez Canal area, and herons mingling with unenclosed fowl on the coasts of 
Johore and Singapore. Circumstances thus favor the infestation of all these 
birds with the fowl tick, and Argas persicus (Oken), the vector of A egyptianella 
pullorum, is common in all the localities concerned. According to Hoogstraal 
(16), this ectoparasite is now found in most parts of the world between 40° N. 
and 40°S., infesting a variety of domestic birds and also many feral birds 
nesting near human habitations. 

Concentrations of granules of phagocytosed chromatin in some of the white 
cells on our slide from Corvus splendens are morphologically similar to the 
bodies which Schurenkova (30) interpreted as exoerythrocytic schizonts of 
Sogdianella moshkovskii. This fact lending weight to Mohamed’s (23) 
contention that neither the description nor the figures published by Schur- 
enkova “‘suggest a parasitic nature for these bodies, and they may represent 
ordinary granulations or inclusions in these cells’’, we consider that Schur- 
enkova was dealing with a member of the Babesiidae, not one of the Theile- 
riidae, the family to which she referred her parasite. It is submitted that 
the avian babesioids recorded by Schurenkova (30), Henry (15), Toumanoff 
(33), Mohamed (23), and ourselves, although differing from one another in 
minor respects of size-range and morphology, otherwise have so much in 
common that they should be regarded as belonging to a single polymorphic 
species. 

By the law of priority the appropriate specific name is that applied by 
Schurenkova, but the generic designation of Sogdianella cannot be sustained 
on existing data. Poisson (27) regarded Sogdianella as a synonym of Aegyptian- 
ella, but this procedure is unacceptable, as the chief criterion for the latter 
genus, the formation of large numbers of merozoites from each schizont, is not 
fulfilled by the former one. It is thought best to follow Wenyon (35) and 
Toumanoff (33) in using the designation Babesia (sensu lato), while admitting 
that this genus stands in need of a critical revision. On the one hand Babesia 
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is a repository for species as different from one another as B. bigemina (Smith 
and Kilborne), which characteristically divides by binary fission and only 
rarely by schizogony, and the babesioids of the Nuttallia type in which 
fan-shaped and cruciform schizonts producing four merozoites are the rule; 
while on the other, a much greater range in merozoite number is admitted 
within the single (and far better understood) genus Plasmodium. It may well 
prove that differences between various members of the family Babesiidae, 
not forgetting Aegyptianella, can best be dealt with at the subgeneric level. 
Nevertheless, Toumanoff’s use of Nicollia as a subgeneric designation for the 
Babesia under consideration cannot be endorsed for the reason already given; 
and there are grounds for contending that Achromaticus Dionisi has priority 
over Nuttallia Franga, which has often been employed as a generic or subgeneric 
name for Babesiidae producing four merozoites from fan-shaped or cruciform 
schizonts. Pending clarification of these questions, our parasite is thus 
identified simply as Babesia moshkovskit (Schurenkova, 1938). 
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THE DETERMINANTS OF PRODUCTION IN NORTHERN SEAS: 
A STUDY OF THE BIOLOGY OF THEMISTO LIBELLULA 
MANDT. 


“CALANUS” SERIES NO. 14! 
M. J. DUNBAR 


Abstract 


The level of production in the sea is determined not only by the extrinsic 
factors of the environment, but also by the intrinsic response of the organism 
to those factors, temperature in particular. In cold seas, deine of adaptation 
to low temperature as regards activity, metabolism, growth rate, and the onset 
of maturity is therefore of great importance. This matter is reviewed and 
discussed here, and illustrated by a study of the growth rate, breeding cycle, 
and longevity of a dominant arctic pelagic amphipod, Themisto libellula Mandt. 

Themisto libellula, in Hudson Bay, Hudson Strait, and the waters of southeast 
Baffin Island, is shown to have a normal length of life of 2 years, although a 
1-year or 15-month life cycle is a possibility in a small proportion of the popu- 
lation. Material from the months of November and December is lacking, 
but it appears that spawning extends from September through the winter until 
some time in May or June. If a temperature stimulus is involved in the onset 
of breeding, it appears to be a fall below, not a rise above, a critical point, since 
the temperatures during most of the breeding period are below —1.5°C. The 
spawning in the autumn, however, suggests that temperature is in fact not 
involved. 

The alternating, or two-phase, breeding cycle is confirmed in this species, 
but the evidence shows that dislocations in the cycle (owing to the possibility 
of maturation after approximately one year in some individuals) may destroy 
the supposed reproductive isolation between adjacent year-classes. 


Introduction 


This paper is a contribution to the study of production in northern waters, 
production being described in terms of (1) the rate at which organic stuff 
is made in the seasonal cycle, and (2) the size and density of the resultant 
standing crop at the height of. the seasonal cycle. These, in different trophic 
levels, depend on a variety of factors, some of them probably still unknown. 
There is no reason to assume that diatoms, dinoflagellates, zooplankton, 
fishes, in fact all the poikilothermal elements in the biomass, should be 
influenced in the same way by the determining environmental factors, or 
that the production at each level is used to the full by the level above. A 
large and fast production of phytoplankton, for instance, will make possible 
a large production of planktonic Crustacea, but it does not follow that the 
crustacean production will in fact be large, or that it will use the phytoplankton 
production to the greatest degree possible. There is normally a considerable 
wastage of plant food by the animals when the former is in great abundance, 
and a greater or smaller proportion of the plant food will always die uncon- 
sumed. The element of wastage was recognized by Volterra (1928 (44)), 
amongst others, who introduced into his equation for the growth rate of 

1 Manuscript received August 15, 1957. 
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predator populations a coefficient of food utilization, and Riley (1953 (32)) 
describes the faecal pellets of zooplankton as being green with discarded and 
unused plant material following the phytoplankton bloom. 

In terrestrial polar and mountain environments there is another element 
which apparently operates so that the maximum possible density of wildlife 
population is seldom if ever reached, namely the constant or intermittent 
adverse effects of the climate (Wynne-Edwards, 1952 (47)). In describing 
the redpoll population in the region of Clyde River, eastern Baffin Island, 
Wynne-Edwards writes: ‘Except perhaps among carnivorous predators, 
competition between individuals for space and nourishment seems commonly 
to be reduced to a low level among members of the arctic flora and fauna; 
they live somewhat like weeds, the secret of whose success lies in their ability 
to exploit transient conditions while they last, in the absence of serious 
competition. In the arctic the struggle for existence is overwhelmingly 
against the physical world, now sufficiently benign, now below the threshold 
for successful reproduction, and now so violent that life is swept away, after 
which recolonization alone can restore it’’. This factor, if it applies at all in 
marine environments, might be expected to take effect only in transition 
areas between the main zones (arctic, subarctic, boreal), where sudden changes 
in marine climate might have drastic and possibly differential consequences 
on parts of the system. - 


A heat loss 





@ somatic 
energy metabolizing E growth 
” input organism 
gonadial 
D growth 





activity 
Fic. 1. See text. 


Apart from this strictly extrinsic factor, the extent to which the basic (plant) 
production is used, and therefore the size to which the animal production 
develops, will depend upon the manner in which the energy obtained from 
the food itself is used. The energy input fed into an animal (Fig. 1) has to 
be shared between a number of processes, the relative demands of which, 
upon the energy capital, are not the same in all environments, or in all animal 
groups, or at all times of year. It has long been recognized that the activity, 
for example, of poikilotherms living in very cold circumstances is very much 
greater than our knowledge of temperature effects upon activity in warmer 
regions would lead us to expect. There must therefore be regulation, or 
adaptation, of the determinants of activity which allow the unexpectedly 
high level in cold regions. Such regulation may be, for all that is at present 
known about it, either genetically established or a matter of individual 
ontogenetic adaptation, but it is not difficult to imagine the high probability 
of the true evolution of such regulation, and its high selective value, since a 
minimum of activity is required for the business of food-getting and of escaping 
from predators which are not bound by this temperature condition (homo- 
+herms, especially large homotherms). 
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Regulation in activity with respect to temperature has led zoologists in 
the past to expect a corresponding, perhaps an enabling, regulation in standard 
metabolism, and there is evidence that this in fact occurs in many instances. 
The literature has recently been reviewed by Bullock (1955 (8)). Among 
the pioneers in the field are Fox (1936 (17a), 1939 (17c)), Wingfield (1939 
(4b)); also Fox and Wingfield (1937 (18)) in England, and Thorson (1936 
(43a), 1950 (436), 1952 (43c)) and Sparck (1936 (41)) in Denmark. Thorson, 
studying the metabolic rates (measured by oxygen consumption) of inshore 
molluscs in east Greenland, Denmark, and the Persian Gulf, found that the 
rates were approximately equal in the same species or in closely related species 
living in the three regions, each being measured at its normalenvironmental 
temperature; thus if the arctic individuals were placed in water of normal 
Danish range of temperature, their metabolic rates were considerably higher 
than those of the Danish form, and the same, mutatis mutandis, for the Danish 
and Persian Gulf populations. Regulation thus appears to be common, 
or at least present in a number of species studied. 

The work of Fox and Wingfield did not agree with that of Thorson, or of 
Sparck. Fox (1936 (17a)), working on the oxygen consumption of pairs of 
species (each pair being in the same genus) of echinoderms, annelids, and 
crustaceans, found that “for seven pairs of species inhabiting respectively 
English waters and more northern seas (Kristineberg in Sweden), the oxygen 
consumption of the warmer-water species is greater than that of the colder- 
water species (measured at the normal temperatures at which each species 
lives) although the locomotory activity of the former is apparently no greater”’. 
Fox suggested ‘“‘that the similar locomotory activities of the ,jtwo species 
require approximately equal amounts of oxygen, but that the non-locomotory 
oxygen consumption of the warmer-water species is higher than that of the 
cold-water species’. The same results were found for two species of prawns 
(Fox and Wingfield, 1937 (18)). In this 1937 paper there is a note on the 
work of Sparck and Thorson, which appeared at the same time. Fox and 
Wingfield, in commenting on the disagreement between their results and the 
Danish work, point out that Sparck and Thorson were working on lamelli- 
branchs, which were not used in the English work. Thorson (1952 (43c)), 
and also Berg (1953 (3)), have shown that the animals used in Fox’s work 
were not truly comparable, on account of differences in size and age, and that 
if these factors are taken into consideration, then metabolic adaptation in 
the Kristineberg populations was in fact demonstrated. 

Wingfield (1939 (46)) showed the danger of drawing too determined 
conclusions in this matter from comparisons of two different species (which 
has been the method used by many), by demonstrating that if the polychaete 
Pectinaria granulata from east Greenland is compared with P. auricoma from 
Millport it does not show metabolic regulation, but if compared with P. kovent, 
also from Millport, it does show regulation. Finally Scholander, Flagg, 
Walters, and Irving (1953 (38)), using this same technique of comparing 
groups from tropics and arctic which are more or less closely related taxonomi- 
cally, found that in certain Crustacea there is evidence of metabolic adaptation, 
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the arctic forms showing somewhat higher metabolism than that which would 
have been expected simply by extrapolation from the tropical performances. 

The species which have been studied are mainly shallow-water benthonic 
forms; there are as yet no data for the metabolic rates of holoplanktonic 
species in cold water. Research in this field is now urgently needed and 
is in fact being planned for the next Calanus expedition. 

In poikilothermal vertebrates, Fry (1951 (19)) and his collaborators have 
shown that the speckled trout (Salvelinus fontinalis) is capable, individually, 
of a certain limited metabolic acclimation with respect to temperature, but 
there is no evidence yet that an established regulation exists in populations 
living in very cold water. Power (unpublished data), working on metabolic 
rates of the speckled trout at the northern limit of its range in northern Quebec, 
has so far found only very low rates which show little or no adaptive regulation. 
On the other hand Scholander, Flagg, Walters, and Irving (1953 (38)), 
comparing tropical with arctic fishes in this respect (interspecific and inter- 
generic comparison) found a considerable adaptation, the arctic species and 
genera lying in an intermediate position as regards oxygen consumption 
between the tropical fish and the “‘expected’’ or extrapolated position for 
fishes living at 0°C. Peiss and Field (1950 (29)) compared the oxygen 
consumption of excised brain and liver tissue of the polar cod (Boreogadus 
saida) with that of the golden orfe (Idus melanotus), and found that the Qio 
values for the cod tissue remained steady over the whole temperature range 
of 0-25° C., whereas the values for the orfe tissue increased markedly 
below 10°C. This resulted in oxygen consumption values for the polar cod 
which were several times as great as in the orfe at low temperatures, clearly 
advantageous in the adaptation of the polar cod to cold environments. These 
experiments, however, showed a breakdown in metabolic adaptation in the 
orfe, the warm-water form, at low temperatures, rather than metabolic 
regulation in the cod. 

There remains the question of growth rates. Both Bullock (1955 (8)) and 
Dehnel (1955 (9)) have observed that if growth in marine poikilotherms shows 
adaptation with respect to temperature, as has been shown to be the case 
for the metabolism in some species, then the high production of certain 
northern waters would be in large part explained. (It should be empha- 
sized, however, that the high production is in the subarctic waters, not in the 
coldest, or arctic, regions.) Orton seems to have been one of the first to 
draw attention to the possibility of adaptation in growth rates. Writing 
in 1923, he refers to his earlier paper (Orton, 1920 (28a)) as drawing attention 
to the lack of evidence bearing on theories (those of Murray and Loeb, for 
instance) ‘‘to explain (a) the abundance of life in polar regions, and (b) the 
occurrence of several generations of species living side by side in polar waters’’. 
This latter point, the coexistence of several generations, can now be explained 
by the prevalence of two-phase or polyphase breeding cycles, such as have been 
demonstrated for euphausids, the chaetognath Sagitta elegans and the amphipod 
Themisto libellula (Ruud, 1932 (35); Dunbar, 1940 (11a), 1941 (116), 1946 
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(11d) and this paper). Orton urges ‘“‘(a) that we know nothing about the 
rate of growth of organisms in polar regions, and (8) that the kind of metab- 
olism of animals in polar regions and in deep-sea situations is not necessarily 
the same as that in temperate and tropical regions’. 

Orton (1923 (286)) found that sea urchins (identified as Echinus miliaris) 
observed in west Spitsbergen showed a rate of growth ‘of the same order as 
is found in related forms in Plymouth waters in the English Channel. Again, 
this is the comparison of different species, not of populations of the same 
species. Thorson (1936 (43a)), studying lamellibranchs in east Greenland 
inshore waters, found slow growth rates, and generalizing from his work on 
the lamellibranchs, concluded ‘‘that the bottom invertebrates in the northeast 
Greenland seas will on the whole have a slow growth, a long life, and a late 
maturity which means that the production must be extremely small’. He 
adds that this generalization is provisional, and that investigation of more 
species is necessary. Later (430), finding that larval growth in arctic waters 
appears to be fast, he treats adaptive regulation of both metabolism and 
growth as a generally accepted phenomenon, and on those grounds dismisses 
Wimpenny’s (1941 (45)) paper on ‘‘Organic polarity’’ as being out of date, 
since Wimpenny assumed that life cycles were shorter in tropical than in 
polar waters. He makes the observation that the Jarvae of benthonic inverte- 
brates, northern as well as tropical, “‘seem on the average to spend a similar 
time (about three weeks) in the plankton”, at the temperatures to which 
they are normally exposed, but he adds that in arctic regions abnormally low 
temperatures can have an adverse effect, and that “wastage caused by 
temperature, like that due to starvation, seems mainly to be an indirect one: 
low temperatures postpone growth and metamorphosis, and give the enemies 
a longer time to feed on the larvae’’. 

Dehnel (1955 (9)) compared the growth rates, expressed as instantaneous 
relative rates, of the larvae of gastropod molluscs in southeastern Alaskan 
and southern Californian waters, and found that the rates for the northern 
populations were from two to nine times greater than for the southern popu- 
lations of the same species over given ranges of temperatures. This comparison 
was intraspecific, populations of the same species being used. In spite of 
the fact that species with yolky telolecithal egg masses were chosen, to 
minimize the importance of food availability on growth, it is still possible 
that factors other than temperature were responsible for the fast growth of 
the Alaskan embryos, as Dehnel himself points out. Two other comments 
on these very interesting results are relevant here: (1) the surface temperatures 
of the southeastern Alaskan waters are not low when compared to arctic or 
even subarctic regions (the annual range at Sitka is from about 4° C. to 15° C.); 
and (2) the growth measured was embryonic and larval. It has been pointed 
out by several workers, including Thorson (1936 (43a), 1950 (430)) that 
there are special problems for the colder-water benthonic forms, in that it is 
essential, for survival, that metamorphosis be accomplished within a certain 
short time after hatching, the time being determined by the length of the 
high production period in the phytoplankton, which is usually short in cold 
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regions, owing to the great stability of the surface waters in summer. Most 
arctic benthonic molluscs have solved this problem by eliminating the pelagic 
larval stage. 

A high growth rate in embryonic development was also found by Fox 
(1938 (17b)) in sea urchins, those of British waters developing faster than 
those of the Mediterranean, at given temperatures. 


The growth rates of larval and embryonic stages, however, are only a very 
small part of the problem. From the point of view of the student of production 
in the northern seas, the important thing is the time taken to reach maturity 
and breeding. Moreover, there is no reason to assume that what is found 
in the molluscs and in the echinoderms is true of all groups; and finally, 
the benthonic and littoral forms may behave quite differently in this respect 
from the holoplanktonic. Dehnel (1955 (9)) writes: ‘Generally, the 
assumption is made that species of marine poikilotherms which inhabit the 
colder waters of the higher latitudes grow more slowly, grow to a larger size, 
and have a greater longevity than individuals of the same or closely related 
species from warmer waters’’. In fact, this is much more than an assumption, 
as Dehnel indicates later in his paper. There is a great deal of evidence in 
the literature for the slowing down of growth rates in cold water as compared 
with warm, not only in the comparison of different species within one genus 
but also in the comparison of different populations within one species. Thus 
Schneider (1891 (37)) concludes that several of the common gammarid 
amphipods of the Tromsé coast have a 2-year life cycle, some even longer, 
and comments that inerease in life-time, and time taken to reach maturity, 
with increasing geographic latitude is a well-known phenomenon in insects. 
In the Lepidoptera, for instance, many species have a 1-year life cycle in 
Germany and a 2-year cycle in Norway. Schneider mentions also the tiger- 
moth, Arctia caja, which lives 1 year in the Oslo area but which requires 
2 years to reach maturity at Troms6. 


In the chaetognath Sagitta clegans, Russell (1932 (34)) recorded four, 
possibly five broods, produced in 1 year at Plymouth, each brood being 
parental to the next. In the same species in Baffin Island waters, Dunbar 
(1941 (116)) found the normal life cycle to be probably as long as 2 years 
before spawning. Bogorov (1940 (5)) found a 2-year life cycle for both 
S. elegans and Eukrohnia hamata in the Barents Sea. In the Euphausiidae, 
Macdonald (1928 (23)) recorded a breeding cycle in Thysanoessa raschit, 
in the Clyde Sea area, which appeared to involve a 1-year lifecycle. Einarsson 
(1945 (13)) also found a 1-year cycle for the same species in southern Icelandic 
waters, but concluded that in northern Iceland and in west Greenland 7. 
raschit took 2 years to reach maturity. Bogorov (1940 (5)) recorded a 2-year 
cycle for Thysanoessa inermis and T. longicaudata in the Barents Sea. In the 
deep-water shrimp Pandalus borealis, Hjort and Ruud (1938 (22)) concluded 
that maturation (to maleness) occurred in the second summer of life in 
Norwegian waters; in the same species Rasmussen (1942 (30)) described 
a 3-year maturity age in Spitsbergen. 
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The copepod Calanus finmarchicus has been exhaustively studied. The 
researches have recently been reviewed and consolidated by Marshall and Orr 
(1955 (25)), who write (p. 64): ‘‘As is natural, the lower the temperature the 
slower is the rate of development, and the later does the first spawning occur’’. 
In the Clyde Sea area, where the temperature at the time it is homothermic 
in March is about 7° C., Calanus finmarchicus spawns at least three times 
during the period between mid-February and late July. Thus the life span 
in spring is about 2 months. The winter stock may live up to 7 months. 
In east Greenland (Digby, 1954 (105)), where the winter temperature is 
about —1.5° C. for a considerable period, the same species spawns only once 
a year, in midsummer, and the individual normal life span is therefore 1 year. 
There is evidence that a proportion of the population may survive a second 
winter. In Ungava Bay, Fontaine (1955 (16)) found 1-year life cycles in 
Calanus finmarchicus and Pseudocalanus minutus. Other planktonic copepods 
follow the same pattern. Digby (1954 (100)) comments that in view of 
this, copepods in the arctic cannot be considered to be particularly well 
adapted to living in cold seas. There is, however, some likelihood that the 
availability of food may be an important factor, besides temperature, in 
determining the growth rate. 

An exception to this apparent rule of slower growth in colder water was 
reported by Moore (1934 (26)), who found that the common barnacle, 
Balanus balanoides, has a faster growth at Herda, in Norway, than at Port Erin 
in the Irish Sea, where the growth was in turn faster than at St. Maloin France. 


In vertebrate poikilotherms the evidence is confusing, as indeed it is also 
in the invertebrates. The arctic char (Salvelinus alpinus) in Frobisher Bay, 
Baffin Island, takes 12 years to reach maturity in the female (Grainger, 
1953 (20a)). The Atlantic cod (Gadus callarias) of Port Burwell, Ungava 
Bay, grows considerably more slowly than the cod of west Greenland, New- 
foundland, or Nova Scotia-(Dunbar, unpublished). In these instances there 
is no evidence that the food supply is involved. In the Amphibia, however, 
the work of Moore (1939 (27a), 1942 (275), etc.) has shown that the embryonic 
development of species of Rana is faster, the colder the environment, the 
northern Rana sylvatica developing at about twice the rate of the southern 
Rana catesbeiana. Differences in the type of life cycle are probably at the 
root of the ultimate (as opposed to the proximate) causes for the differences 
between groups in this respect, which, as has been suggested above is the 
case between the benthonic invertebrates and the holoplanktonic forms. 


Material and Methods 


The hyperiid amphipods have been given scant attention biologically. 
The tropical and temperate species are difficult taxonomically and appear to be 
of secondary importance in the economy of the seas. The cold-water species, 
however, 7. /ibellula in particular, are abundant and often dominant. As a 
group the hyperiids are well suited to studies of the present sort, being large, 
easily caught, holoplanktonic or holopelagic, with direct development. 
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Themisto libellula is a dominant species of the plankton of the waters of 
Hudson Strait, north and east Baffin Island, and Hudson Bay. Its ecological 
position farther north is not yet known (it is not abundant in Foxe Basin), 
but it appears to be arctic rather than subarctic, being not common in the 
west Greenland waters except in their northern part. It extends, however, 
into the subarctic on the Canadian side, decreasing in abundance southward 
along the Labrador Current. In the subarctic it can be relied upon as an 
indicator of arctic water. It has been recorded from all arctic seas explored, 
except that information from the Arctic Ocean itself is lacking. The most 
southerly records are the Strait of Belle Isle (Bousfield, 1951 (6)), off Cape 
Farewell and the southeast coast of Iceland (Stephensen, 1923 (42)), the 
Norwegian, Barents, and Murmansk seas, Kara Sea, Bering and Okhotsk 
seas (Behning, 1939 (2)). 

The species figures prominently in the food of the arctic char (Grainger, 
1953 (20)), and especially of the ringed seal (Dunbar, 1941 (11c)). It forms 
the most important link in the food chain between the copepods and other 
smaller planktonic forms on the one hand, and the vertebrates on the other, 
and in fact it takes the place, in cold water, of the euphausids in this respect. 

The material used in the present paper was collected on the Calanus 
Expeditions of 1947 to 1955, the details of the collection being shown in 
Tables I and IJ. Open plankton nets were used, and most of the Themisto 
were taken in horizontal hauls. The nets were the 1- and 2-meter stramin 
nets, a half-meter No. 6 net and No. 5 net of the same size, and 1-meter No. 0 
and No. 00 nets. Depths of hauling are approximate only, being calculated 
from the wire angle and the length of wire. An error of about 10% can be 
expected in the depth calculations. Material was also obtained from stomachs 
of the ringed seal (Phoca hispida) in the waters of southwest Baffin Island 
(Cape Dorset) and from Igloolik in Foxe Basin; and from stomachs of arctic 
char at the head of Frobisher Bay. 


TABLE I 


COLLECTION DATA FOR THE Themisto libellula MATERIAL (IN THE ‘“‘NET’’ COLUMN, 
NUMBERS REFER TO THE BOLTING SILK GRADE, EXCEPT THAT “STR. 1” 
MEANS ‘‘1-METER STRAMIN; “STR. 2’’, ‘‘2-METER STRAMIN’’) 





____Depth, m. Time, Duration, Numbers __ 
Year Date Station Station Haul Net E.S.T. min. Taken Measured 
1947 24/6 1 18-31 5 6 1420 25 7 7 
29/6 3 28 2 Str. 1 1100 30 2 2 
29/6 3 28 4-5 6 1104 25 9 9 
29/6 3 28 5-7 0 1104 25 42 41 
13/7 13 46-55 6 0 1000 30 80 80 
17/7 18 84 17-21 0 1240 30 50 50 
10/8 33 15 11-13 Str. 1 0810 30 2 2 
10/8 33 15 il 0 0810 30 9 
11/8 37 3-4 0 6 1040 30 1 1 
11/8 37 3-4 Str. 1 1048 30 1 1 
17/8 41 240 27-35 6 1300 60 1 1 
17/8 41 240 200 0 1300 60 15 15 
17/8 41 240 54 Str. 1 1300 60 Several 2 
hundreds 
19/8 44 80 70 0 1330 40 1 1 
19/8 44 80 70 Str. 1 1334 36 18 18 
1949 26/6 101 18 6-8 Str. 1 1045 30 8 8 
26/6 101 18 1 6 1055 30 3 3 
6/7 103 145-275 90 00 — 20 20 20 
6/7 103 145-275 200 Str. 1 45 14 14 


14/7 103 145-275 105 Str. 1 0930 45 44 44 
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Depth, m. ‘ Time, Duration, Numbers 
Year Date Station Station Haul Net E.S.T. min, Taken Measured 
1949 7/8 103 145-275 5-10 00 1120 12 9 9 
10/8 123 15 1-7 5 1515 35 1 1 
10/8 123 15 5-10 00 1645 22 3 3 
21/8 125 18 0 Str. 1 _ 90 1 1 
23/8 126 70-90 2-10 Str. 1 1057 35 37 37 
24/8 128 185 27 00 1445 * ao 43 43 
24/8 128 185 137-162 Str. 1 1455 70 25 25 
25/8 129 - 16-19 Str. 1 1340 60 3 3 
25/8 129 - 3 00 1340 60 3 3 
25/8 129 - 13-15 6 1345 50 4 + 
1950 28/6 201C 80-100 1 00 0935 55 il 11 
28/6 201C 80-100 20 Str. 1 0955 20 13 13 
15/7 206 55-90 3 Str. 1 1020 45 60 60 
20/7 209 183 75 Str. 1 1305 25 78 78 
3/8 222 80-90 8 5 1800 20 42 42 
1951 4/7 303 120 - Str. 1 1715 30 64 64 
28/7 309 165 75-87 Str. 1 2000 30 43 43 
14/8 326 550-640 225 Str. 1 1015 60 139 139 
21/8 329 183 150 Str. 1 1153 50 47 47 
26/8 335 320 50 Str. 1 1715 15 55 55 
26/8 335 320 92 Str. 1 1715 15 il 11 
26/8 335 320 155-215 Str. 1 1855 30 90 90 
26/8 335 320 0 0 2016 15 24 24 
26/8 335 320 50 Str. 1 2016 15 77 77 
26/8 335 320 92 Str. 1 2016 15 115 115 
26/8 335 320 0 0 2312 15 192 192 
26/8 335 320 50 Str. 1 2312 15 72 72 
26/8 335 320 92 Str. 1 2312 15 67 67 
26/8 335 320 154 Str. 1 2352 30 86 86 
27/8 335 320 0 0 0209 15 207 207 
27/8 335 320 50 Str. 1 0209 15 48 48 
27/8 335 320 92 Str. 1 0209 15 46 46 
27/8 335 320 20-25 Str. 1 0250 15 105 105 
27/8 335 320 250 Str. 1 0407 15 30 30 
27/8 335 320 0 0 0505 15 7 7 
27/8 335 320 50 Str. 1 0505 15 10 10 
27/8 335 320 92 Str. 1 0505 15 3 3 
1952 29/7 407 228 115 Str. 1 1010 15 12 12 
29/7 407 228 10 5 1122 15 12 12 
2/8 411 83-91 0 18 0920 12 48 48 
5/8 414 275-365 105 Str. 1 1810 35 216 216 
6/8 416 275-285 115 Str. 1 1535 20 37 37 
6/8 416 275-285 175 Str. 1 1620 45 512 512 
1953 13/7 502 22-27 20 0 1615 10 21 21 
21/7 503 65-90 35 0 1520 25 86 86 
21/7 503 65-90 17 Str. 2 1700 15 53 53 
31/7 514 20 9 0 1703 30 15 15 
4/8 520 137 87 0 1250 30 55 55 
4/8 520 137 40-52 Str. 2 1615 15 Several 121 
hundred 
9/8 527 355-415 62 0 1110 20 43 43 
11/8 531 183 62 0 1710 25 16 16 
17/8 535 140-155 7 5 1320 15 66 54 
4/9 549 75 7 5 1210 20 63 63 
4/9 549 75 46 Str. 2 1345 15 43 43 
8/9 512 21 14 Str. 2 1440 25 32 32 
8/9 512 21 15 0 1545 20 49 49 
1954 24/7 603 90-110 40 Str. 2 1600 30 6 6 
27/7 603 90-110 26 Str. 2 1721 15 Several 76 
hundred 
5/8 606 99 26 Str. 2 0000 30 87 87 
5/8 606 99 43-65 Str. 2 0140 15 265 265 
12/8 613 189 78-115 Str. 2 0955 30 175 175 
TABLE II 


COLLECTION DATA FOR Themisto libellula MATERIAL 
FROM STOMACHS OF RINGED SEAL (Phoca hispida) 











Year Date Location Number measured 
1953 23/8 Cape Dorset 230 
1954 22/3 Cape Dorset 315 
1954 13-19/7 Cape Dorset 184 
1955 27/10 Igloolik 112 
1956 31/1 Igloolik 3 
1956 27/2 Igloolik 17 


1956 28/2 Igloolik 10 
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The 1947 and 1949 material comes entirely from Ungava Bay; the 1948 
material consists of a collection of 7hemisto taken from the stomachs of arctic 
char at the head of Frobisher Bay (see map Fig. 2). The 1951 collection is 
in the main from Frobisher Bay, 1952 from Cumberland Sound. (For the 
identification of the stations in Table I, see the station lists already published 
(Dunbar and Grainger, 1952 (12); Grainger, 1954 (206); Grainger and 
Dunbar, 1956 (21).) The 1953 and 1954 material is from northern Hudson 
Bay and the western end of Hudson Strait. Collections from ringed seal 
stomachs in 1953 and 1954 are from the region of Cape Dorset, southwest 
Baffin Island (August 1953, March and July 1954), and the material from 
October 1955 to March 1956 is taken from ringed seals off Igloolik, in the 
north of Foxe Basin. 

Measurements were made with a low-power binocular microscope, the 
specimens being placed on a thin glass slide over a half-millimeter scale. 
The over-all lengths, from the front of the head to the tip of the longest 
uropods, were read to the nearest quarter-millimeter and then grouped on 
integer centers, all individuals from x-5 to (x+1)-25 being grouped under 
(x+1) mm. The length frequencies of the samples are presented in the 
histograms (Figs. 3 to 5 and 11 to 13). 


/ 


os 





Fic. 2. 
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The Environment 


The detailed hydrography of the area will be published in a paper to appear 
shortly in this series. Hudson Bay, Foxe Basin, and the western part of 
Hudson Strait are arctic areas in which the influence of Atlantic water is 
minimal if indeed it is present at all. Frobisher Bay, although probably 
containing a small proportion of west Greenland water, with Atlantic admixture, 
in the summer, is nevertheless predominantly arctic. Ungava Bay, on the 
other hand, shows considerable Atlantic influence, both hydrographically and 
in its fauna. It is an unstable region with very large tidal intervals and is 
slightly warmer below 25 meters than the rest of the region considered here. 
July temperatures in Hudson Bay and Hudson Strait (western part), below 25 
meters, are normally below —1° C., whereas they range from —1.5° C. up to 
about +1.5° C. in Ungava Bay. In August, the 50-meter water may be up 
to 2° warmer in Ungava Bay than in the rest of the region, including Frobisher 
Bay. The 100-meter water in August in Ungava Bay is similar in temperature 
range to the water at the same depth in Froblisher Bay, between 0° and —1° C., 
and about 0.5° warmer than the Hudson Bay level, where the 100-meter water 
is below —1.0°. Hudson Bay, being highly stratified in summer owing to 
the influx of fresh water from the large land area it drains, is distinctive in 
having the surface water warmed up to the level of about 10°C. As far as 
the present paper is concerned, however, these exceptional temperatures 
are of no significance, since Themisto is apparently inhibited by them from 
invading the surface layers. 


Growth Rate and Breeding Cycle 


In an earlier paper on Themisto in Baffin Island waters (Dunbar, 1946 (11d)) 
it was shown that the size frequencies of the samples were strongly bimodal, 
the two size-groups being statistically quite separate and therefore representing 
two separate broods. The same bimodal distribution is demonstrated in the 
present material, shown in Figs. 4, 5, 11, and 12. The division between the 
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Fic. 3. Size distribution in Themisto libellula taken at different times during the 
summer seasons of 1947 and 1949, Ungava Bay. 
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In the separation of the broods for statistical treatment, the lowest point in 
the distribution has been taken, and this point is seen (Fig. 12) to coincide 
with the point at which, in the ascending series of length, adolescent individuals 
begin to appear, in contrast to the juvenile population to the left of the low 
point. 

Figs. 3, 4, and 5 show the material from 1947 and 1949 (Ungava Bay), 1951 
(Ungava Bay, Lake Harbour, and (predominantly) Frobisher Bay), and 1953 | 
(northern Hudson Bay, and the western end of Hudson Strait), arranged 
according to date of collecting, to demonstrate change in size during the sum- 
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Fic. 4. Size distribution in Themisto libellula taken on 5 days in 1951, in Ungava Bay 
(4/VII), Lake Harbour (28/VII), and Frobisher Bay. 

Fic. 5. Size distribution in Themisto libellula taken at different times during the 
oar season of 1953, in northern Hudson Bay and the western entrance of Hudson 

trait. 
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mer season. In Figs. 6, 7, and 8 the increase in body-size in the populations 
is shown graphically on either side of the mean by lines representing one 
standard deviation (thin lines) and one standard error (thick lines), the total 
length of each line being therefore two standard deviations. 





Fic. 6. Changes in mean individual size, Ungava Bay, 1947 and 1949. The total 
length of the vertical lines represents two standard deviations, that of the broad section 
two standard errors. Months on the horizontal axis. 

Fic. 7. Changes in mean individual size, Ungava Bay fowet July), Lake Harbour 
(late July), and Frobisher Bay (August). (For details see Fig. 6 

Fic. 8 Changes in mean individual size, 1953 (northern Hudson ye and west 
entrance of Hudson Strait), and 1954 (Hudson Bay). (For details see Fig. 6 
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Ss 10 


Fic. 9. Part of the fifth peraeopod of a female in the stage referred to as 
in the text. ; 

Abbreviations: bl., brood lamella; gp., gill plate. 

Fic. 10. Second leg of a female in the ‘‘maturing” stage, in which the brood lamella 
(bl.) is increasing in size. 

Abbreviation: gp., gill plate. 


‘ 


‘adolescent”’ 
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Fic. 11. Size distribution of Themisto libellula from Cumberland Sound, 1952, showing 
maturity stages. 

The key refers to Figs. 11, 12, and 13; (1) immature; (2) ‘‘adolescent’’ females; 
(3) ‘‘maturing” females; (4) mature females; (5) adolescent males; (6) mature males. 
Vertical axis, numbers of individuals; horizontal axis, length in mm. 
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The material from 1952 (Cumberland Sound), 1954 (Northern Hudson Bay), 
and from stomachs of the ringed seal (Cape Dorset area, 1953, 1954, and 
Igloolik, 1955) has been divided into maturity stages, and the results shown 
in Figs. 11,12, and 13. The stages are based on the development of the brood 
lamellae, or oostegites, in the female, and on the growth of the antennae in 
the male. Mature specimens were not taken in the net hauls, and the seal 

stomach material was too far digested to allow the use of the ovaries and 
testes. The delimitation of the stages is as follows: 





a 12 cs 20 24 203k mm 
Fic. 12. Size distribution of Themisto libellula from northern Hudson Bay, 1954, 
taken on various dates, showing maturity stages. (Details as in Fig. 11. 
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Fic. 13. Size distribution of Themisto libellula, with maturity stages, from ringed seal 
stomachs. 1953, 1954: Cape Dorset; 1955: Igloolik. 
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Immature: Antennae very short, no sign of development of oostegites. 

Adolescent female: Oostegites present, but rudimentary, as in Fig. 9. Ovaries 
small, usually less than 5 mm. in length, cells very small. 

Maturing female: Oostegites increasing in size from the ‘adolescent’ 
condition (Fig. 10). Ovaries larger, with cells about 0.2 mm. in diameter 
or larger. 

Mature female: Oostegites fully developed, almost twice the length of 
the gill plates. Specimens often with eggs or young in the brood pouch. 

Adolescent male: Antennae increasing in length (Dunbar, 1946 (11d), Fig. 5). 

Mature male: Antennae fully developed, the first antennae reaching to 
the hind margin of the first pleonal segment, the second antennae reaching 
beyond the hind margin of the last pleonal segment. 

It has been demonstrated (Dunbar, 1946 (11d)) that in Themisto libellula 
there is an alternating or two-phase breeding cycle, such that two generations, 
or broods, exist at the same time, the two broods being apparently isolated 
from each other so far as reproduction is concerned, unless the cycle goes 
out of phase or unless a few individuals breed twice. During the breeding 
period itself, three broods are present, the breeding group, the adolescent 
group, and the very young group which is being produced at the time. 
Breeding cycles of this sort have also been shown to be the rule in certain 
other cold-water pelagic forms. It was not clear, however, from the earlier 
work, whether there were breeding periods in the fall and in the early part of 
the year (March—May), in which case the length of life would be 1 year, or 
whether there was only one breeding period, in which case the length of life 
would of necessity be 2 years at least. 

Figs. 6, 7, and 8 are not growth curves; they show the manner in which 
the size-frequencies of Themisto in the plankton samples change as the summer 
advances. It will be seen that in 1947 and 1949 (Ungava Bay) and in 1951 
(predominantly Frobisher Bay) there is an orderly progression of advancing 
average size in the youngest, or juvenile, group. This increase is less clear 
in the 1954 material, and in 1953, also from Hudson Bay, the slope is definitely 
reversed by the reduction in average size of the population in September. 
Fig. 5, dealing with the same 1953 population, shows that this effect in 
September is caused by the entry into the sample of numbers of very small 
individuals, down to 4 mm. in length, recently freed from the parental brood 
pouch. A similar arrival of very small specimens, this time in late August, 
is also shown in the Frobisher Bay collection of 1951 (Fig. 4), but here the 
average size of the juvenile population is not reduced compared to samples 
from earlier in the season owing to the presence of large numbers of larger 
juveniles, up to 19 mm. in length. There is no such late appearance of small 
individuals within the collecting season (June-August) in Ungava Bay (Fig. 3). 

Another important difference between the Ungava Bay samples on the one 
hand and those from Frobisher Bay, Hudson Bay, and western Hudson Strait 
on the other is the almost complete absence of the larger (adolescent) group 
in Ungava Bay. In the net plankton, only one individual taken in 1947 
belonged to the adolescent group, and only nine in 1949. The ringed seal 





DUNBAR: THEMISTO LIBELLULA 813 


(Phoca hispida) feeds habitually on the larger individuals of the Themisto 
population (Dunbar, 1941 (11c)) yet of 36 ringed seals taken in the 1947-1950 
seasons, only 10 had Themisto in the stomach, and those 10 had a total of 
only 36 specimens between them. Of these 36 specimens, only one half were 
over 20 mm. in length, and the largest was only 25 mm. This is in strong 
contrast to the seal stomachs taken at Lake Harbour, Frobisher Bay (Dunbar, 
1941 (11c)), and in the Cape Dorset area (McLaren, in press), which were 
frequently found to be full of Themisto libellula, often to the exclusion of 
other food organisms. A swarm of adolescent individuals was observed and 
sampled in 1948 at the western end of Ikeresak, or McLelan Strait, which 
separates the island upon which Port Burwell is situated from the mainland 
of Labrador, but in that highly turbulent region it is impossible to determine 
where the swarm came from or whether it represented a permanent population. 
The evidence is in favor of the conclusion that Themisto does not breed in 
Ungava Bay, that the juvenile population is brought into the bay from the 
northwest, in the Hudson Strait outgoing current, and that it is swept out 
of the bay again before it reaches adolescence; or that it does not survive 
within the bay for some other reason. There are in fact certain hydro- 
graphic differences between Ungava Bay and the rest of the area examined 
here which are referred to above and which might be adequate to explain 
the matter. 

Not one mature specimen, male or female, was taken in the plankton nets 
in any season. The maturity stages of the net catches of 1952 and 1954 are 
shown in Figs. 11 and 12, and they are typical of all years. Nor were there 
any mature specimens taken in seal stomachs in summer. As shown in 
Fig. 13, however, seal stomachs taken in March 1954, in the Dorset area, 
contained mature males and females, and mature females occurred in stomachs 
taken in February 1956 at Igloolik. Stomachs examined in August 1953 and 
July 1954 contained females in the maturing condition. The absence of 
maturing females from the net hauls is unexplained. It is improbable that 
individuals of this size can escape a 2-meter stramin net hauled at 3 knots, 
especially at night; it may be, however, that the maturing females maintain 
a lower level of vertical distribution than the others, although the net was 
lowered close to the bottom on several occasions and hauled obliquely, still 
without taking the maturing individuals. 

Mature females, with and without eggs and young in brood pouches, were 
taken only in late January, February, and March. The young are released 
at a size of 2 to 3 mm. In the present series no collecting was done earlier 
in the winter than the end of January, and summer field work was carried out 
only between late June and early October. However, since the juvenile 
samples taken in June and early July show a fairly wide range of body length, 
and include individuals of only 4 mm., it may safely be assumed that the 
breeding period extends over a considerable period and that new broods are 
still being shed in the first half of June. The absence of spent individuals in 
spring and summer is evidence that each individual breeds once only (see 
below). We do not know how long the young are retained in the brood pouch. 
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One mature male was taken in the stomach of an arctic char in Frobisher 
Bay in August 1948 (precise date in August not given). This was an individual 
31 mm. in length with antennae fuily developed (first antenna 17.5 mm., 
second antenna 20.5 mm.), with sexual papillae developed, and with the 
testes silvery, rounded, and swollen and the seminal duct darkly pigmented. 
Another male 22 mm. in length had a second antenna 11 mm. long, first 
antennae missing. The females in the char stomach material from the 
same month were not mature, but some were in the ‘‘maturing’’ category, 
up to 32.5 mm. in length. 

The presence of the mature male in August, the maturing females in seal 
and char stomachs in July and August, the one mature female taken in a seal 
stomach in October 1955 at Igloolik (Fig. 13), and the recruitment of very 
small juveniles into the stock in late August 1951 (Fig. 4) and early September 
1953 (Fig. 5)—all indicate that breeding begins in the late summer and early 
fall. It is possible that this autumn breeding period is less important than 
the breeding period in the early part of the year. However, the lack of 
material in November, December, and January makes it impossible to rule 
out the possibility of a sustained breeding period throughout the winter, 
from September perhaps to June, and indeed for the greater part of the year. 

Themisto libellula does not appear to be abundant in Foxe Basin, but there 
is a little material from ringed seal stomachs taken at Igloolik in January 
and February 1956, which is helpful. From January 31 there are three 
measurable specimens, 28, 30, and 31 mm. long, all with fully developed 
oostegites, and parts of 13 other specimens of similar size. From February 27 
there are 20 specimens, one male of 27.5 mm. with the antennae broken but 
clearly well developed, and 19 females of which three are not measurable. The 
remaining 16 range from 20.0 to 35 mm..in length, and they all have fully 
developed oostegites, some with eggs and early young. The small size of the 
smaller of these specimens (20—21.5 mm.) suggests that at least some of the 
juveniles of each year may come into breeding condition the following winter. 
From February 28 there is a collection of 11 specimens of which nine are 
mature females ranging from 26 to 36 mm., one is a mature female of similar 
size with the head missing, and one is a juvenile of 11 mm. Clearly spawning 
has started by the month of February if not before, and although it is 
improbable that many of the juveniles of the year breed in the following 
winter, some apparently do, as shown by the small specimens taken on 
February 27, 1956. Most of the breeders each winter, however, must be the 
adolescents of the previous summer; indeed, the strong bimodality of the 
size-frequencies in summer makes it impossible that many of the juveniles 
should breed the winter after they are produced. This means that the life 
cycle of the individual is between 18 months and 2 years, but that a life cycle 
of 1 year is not impossible. This argument is illustrated in Fig. 14, and rests 
on the assumption that each individual breeds only once. The fact that a 
1-year life cycle is possible means that the reproductive isolation of the two 
coexisting year-classes is not complete. 
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Fic. 14. Schematic diagram representing the probable breeding cycle of Themisto 
libellula. The two horizontal lines represent the time-continua of the two populations 
which exist together in the same space, between which reproductive contact is probably 
quite small, or absent. The heavy black portions represent the breeding periods; 
(1) immature group; (2) adolescent group; (3) mature breeding group. The possible 
extension of breeding throughout the long winter is indicated by the horizontal dotted 
lines. The diagonal lines represent the cases in which the alternating cycle may go out 
of phase either by the holdover of breeding until the fall, or by the precocious maturation 
of small individuals (Group 1). 


Discussion 


1. The question of whether Themisto libellula breeds more than once in 
its life is obviously highly important in reaching an understanding of the 
breeding cycle. The evidence on this point is not entirely conclusive, and 
in the past there has been some difference of opinion on this point as regards 
the amphipods as a group. Schneider (1891 (37)) quotes three authorities 
on the question and gives some observations of his own. Thus Siebold and 
Stannius (1854 (40)) describe the brood lamellae or oostegites of the female 
amphipod as developing rapidly at the approach of the breeding season and 
later disappearing or becoming atrophied. Bate (1856 (1)) considered that 
there was no evidence for the loss of the brood lamellae. Bruzelius (1859 (7)) 
was willing to allow the possibility of decrease in size of brood lamellae after 
breeding, but did not believe that they disappeared completely. Schneider 
himself pointed out that all three authors appeared to have assumed that 
amphipod individuals breed more than once, but that there was no evidence 
of that. He suggested that the absence of spent specimens, and of large 
females without oostegites, could most simply be explained by supposing that 
breeding only once per lifetime was normal, as it is in insects. 

Blegvad (1921 (4)) records ‘‘Gammarus locusta”’ (probably G. zaddachi) as 
breeding seven or eight times per female in Danish waters, within a short 
time in one breeding season, and finds that the stock produced after the 
month of May can breed in two seasons; that is, after breeding once in late 
summer they may survive the winter and breed again the following spring. 
In Segerstrale’s (1950 (39)) paper on the amphipods of Finnish waters, on 
the other hand, there is no indication that Gammarus zaddachi (or its ‘‘salinus’’ 
form) breeds more than once; the cold-water Gammarus oceanicus, similarly, 
appears to breed only once per individual. 

In the present study it has been concluded that the Themisto libellula 
individual breeds once and dies. There is no evidence whatsoever to the 
contrary. No spent specimens of either sex were taken, except in March at 
the height of the breeding season. 
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2. The stimulus for the final ripening of the gonads and the onset of the 
breeding, if it has anything to do with temperature at all, appears to involve 
a fall rather than a rise in temperature. Orton (1920 (28)) suggested that 
“Most animals under normal conditions begin to breed either at a definite 
temperature, which is a physiological constant for the species, or at a definite 
temperature change, namely at either the maximum or the minimum temper- 
ature of the locality’, and added that many continued to breed so long as 
the temperature remained above or below a certain figure, critical for each 
species, and that a given species might be a winter breeder in warmer situations 
and a summer breeder in colder areas, a situation which appears to be illus- 
trated in the invertebrate fauna of Norwegian waters, where the northern 
elements breed in the winter and the southern elements in the summer (Ekman, 
1953 (14)). Orton took the argument further: “It follows that in those 
parts of the sea where temperature conditions are constant or nearly constant, 
and where biological conditions do not vary much, marine animals will breed 
continuously”’. He suggested that this condition might be found in the arctic. 
In the abyssal depths of the sea, where there may well be no seasonal variation 
in temperature, breeding all year may well be the case, as is stated, apparently 
on rather slim evidence, by Reibisch (1927 (31)), although even in the abyssal 
region there must be a seasonal variation of the food supply, which comes from 
the surface layers. On the other hand, year-round breeding is known to 
occur in species where habitats certainly do show considerable seasonal 
temperature variation, as in Gammaris zaddachi zaddachi on the coast of 
Finland (Segerstrale, 1950 (39)). In arctic waters, however, Orton’s prognos- 
tication has not been realized. All arctic and subarctic forms so far studied 
have shown well-marked breeding periods, often extending over only a short 
part of the year. Indeed, year-round breeding appears to be far more common 
in tropical waters, not in the arctic. 

There is to begin with a significant variation in the annual temperature 
cycle at the depths in which the animals of the arctic and subarctic continental 
shelf live. Thus in Godthaab Fjord, a decidedly subarctic region as opposed 
to arctic, the annual range of temperature at 75 meters is of the order of 1° C. 
to 2.75° C. (Dunbar, 1946 (11e)). Surface temperatures of course show a 
wider range, but they are not ecologically significant in the present argument. 
In Scoresby Sound, east Greenland, Digby (1953 (10a)) recorded, at 50 
meters, —0.95°C. at the beginning of October, —1.78° in January, and 
—1.47° at the end of July. From November to May inclusive the temperature 
was not above —1.72°C. at 50 meters depth. In the waters of northern 
Baffin Island, Ellis (1956 (15)) measured, again at 50 meters, temperatures 
of —0.90° C. in September and October, —1.00° in November, —1.05° in 
December, —1.70° to —1.75° in April and again in June, —1.65° in late June, 
and —1.45° in July. A similar cycle was recorded at Igloolik by the Calanus 
wintering expedition of 1955-56: from November through the winter and 
spring to June, the temperatures at 50 meters were below —1.70° C., 
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in July rose to —1.63°, in August to —0.07°, and in September the temperature 
measured was —0.24°. Hudson Bay conditions are essentially similar. 
In the area between Southampton Island, Coats Island, and Mansel Island 
temperatures at 50 meters in July and August range from —1.50° to about 
0.05°, and in the months of April, May, and June they are below —1.70° down 
to —1.80° C. Winter temperatures in Frobisher Bay and Ungava Bay are not 
known, but the upper 50-75 meters in Ungava Bay in summer are both 
warmer and less stable, temperatures as high as 2.16° C. having been recorded. 

The coldest time of the year, therefore, in the depths at which Themisto 
libellula lives, in arctic regions, is from November to June inclusive, when 
the temperature is close to its ‘‘floor’’ level of about —1.70°. From July to 
early October temperatures are about 2° higher. Therefore, if temperature 
controls the onset of breeding, and since Themisto breeds in the coldest part 
of the year, it is indicated that the stimulus is a fall below certain threshold 
value and not a rise above it. However, the fact that breeding begins, 
apparently, in September, close to the warmest part of the year in the water, 
suggests that the temperature threshold is not the overriding or efficient 
stimulus, but that some other factor such as light is involved. It is possible 
that the autumn breeders should be considered as “‘hold-overs” from the end 
of the previous winter, breeding late for one reason or another, and that they 
are not in the normal physiological condition. More information is needed 
on the winter biology of the species. 

It is well known that arctic species which extend south into the boreal 
region tend to breed during the winter, but it is not yet established that 
winter breeding in the arct‘z itself is a common habit. As a winter breeder 
of egregiously arctic affinities, Themisto libellula contrasts with another 
important member of the arctic pelagic fauna, Sagitta elegans arctica Aurivillius, 
which breeds in the summer (Dunbar, 1941 (115)), and with the planktonic 
copepods (Fontaine, 1955 (16); Digby, 1954 (105)). Samter and Weltner 
(1904 (36)) reported of Mysis relicta in Europe that it produced eggs only 
in cold water, below 7° C., and that the chief production was in the winter, 
at temperatures between 0° and 3° C. 

The appearance of large numbers of very small amphipods released from 
the parental brood pouches in the dead of winter raises the question of what 
they eat. The density of the visible or sedimentable phytoplankton during 
the winter is extremely low, and the first sign of phytoplankton development 
at Igloolik during 1955-56 did not appear until the first half of May (Grainger, 
unpublished). Two possibilities remain: either the young feed almost 
entirely on detritus, perhaps close to the bottom or on it, or else there must 
be a continuing production of microplankton which, as Rodhe (1955 (33)) 
suggests for subarctic lakes in Sweden, becomes heterotrophic in the winter, 
using dissolved organic matter. Indeed, dissolved organic matter, in the 
form of leptopelic detritus, may play an important part in the direct diet 
of the young amphipods. 
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CORRECTIONS 


Volume 34, page 590. In line 13, ‘‘A cirrus was not seen in 17 of 26 flukes examined.” 
should read ‘‘A cirrus was seen in 17 of 26 flukes examined.” 

Volume 35, pages 75-92. In Figs. 1 and 2 the oesphageal gland lobe should overlap the 
intestine ventrally and the caudal alae in Fig. 2 should point towards the bottom of the page. 
The error has been caused by the wrong juxtaposition of three components of the original 
drawing, which, being too large to be drawn in one field, had to be constructed in several 
small components. In Fig. 8 there should be only four incisures as described in the text. 
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Manuscripts, in English or French, should be typewritten, double spaced, on paper 
8} X 11 in. The original and one copy are to be submitted. Tables and captions for 
the figures should be placed at the end of the manuscript. Every sheet of the manuscript 
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Manuscripts and illustrations should be carefully checked before they are submitted. 
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from 1 up, in arabic numerals, and each figure should be referred to in the text. The author’s 
name, title of the paper, and figure number should be written in the lower left-hand corner 
of the sheets on which the illustrations appear. Captions should not be written on the 
illustrations (see Manuscripts (i) ). 
(ii) Line drawings 
Drawings should be carefully made with India ink on white drawing paper, blue tracing 
linen, or co-ordinate paper ruled in blue only; any co-ordinate lines that are to appear in 
the reproduction should be ruled in black ink. Paper ruled in green, yellow, or red should 
not be used unless it is desired to have all the co-ordinate lines show. All lines should be 
of sufficient thickness to reproduce well. Decimal points, periods, and stippled dots should 
be solid black circles large enough to be reduced if necessary. Letters and numerals should 
be neatly made, preferably with a stencil (do NOT use typewriting), and be of such size 
that the smallest lettering will be not less than 1 mm. high when reproduced in a cut 3 in. wide. 
Many drawings are made too large; originals should not be more than 2 or 3 times the 
size of the desired reproduction. In large drawings or groups of drawings the ratio of height 
to width should conform to that of a journal page but the height should be adjusted to make 
allowance for the caption. 
The original drawings and one set of clear copies (e.g. small photographs) 
are to be submitted. 
(iii) Photographs 
Prints should be made on glossy paper, with strong contrasts. They should be 
trimmed so that essential features only are shown and mounted carefully, with rubber cement, 
on white cardboard with no space or only a very small space (less than 1 mm.) between them. 
In mounting, full use of the space available should be made (to reduce the number of cuts 
required) and the ratio of height to width should correspond to that of a journal page 
(4¢ X 7} in.); however, allowance must be made for the captions. Photographs or groups 
of photographs should not be more than 2 or 3 times the size of the desired reproduction. 
Photographs are to be submitted in duplicate; if they are to be reproduced in 
groups one set should be mounted, the duplicate set unmounted. 


Reprints 

A total of 50 reprints of each paper, without covers, are supplied free. Additional 
reprints, with or without covers, may be purchased. ; 

Charges for reprints are based on the number of printed pages, which may be calculated 
approximately by multiplying by 0.6 the number of manuscript pages (double-spaced type- 
written sheets, 8} X 11 in.) and including the space occupied by illustrations. An additional 
charge is made for illustrations that appear as coated inserts. The cost per page is given 
on the reprint requisition which accompanies the galley. 

Any reprints required in addition to those requested on the author’s reprint requisition 
form must be ordered officially as soon as the paper has been accepted for publication. 
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